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1.0  INTRODUCTION 


The  Hydraulic  Transient  Thermal  Analysis  (HYTTHA)  computer  program  is  intended 
for  use  by  designers  with  an  interest  in  the  thermal  effects  on  the  performance  of 
an  aircraft  hydraulic  system. 

An  aircraft  hydraulic  system  is  basically  a power  source  connected  to  several 
loads.  Under  steady  state  conditions,  where  only  the  pump  and  fluid  are  moving 
(the  pump  having  internal  moving  parts) , the  flows  and  pressures  at  various  points 
in  the  system  can  be  calculated  using  non-time  dependent  formulas.  These  conii- 
tions  are  input  for  the  evaluation  of  the  temperatures  throughout  the  system  caused 

by  interactions  between  the  fluid  arid  the  components.  The  pump  is  the  most  common 

source  of  heat  to  the  system.  It  supplies  work  and  heat  to  the  fluid.  Other  com- 
ponents change  temperatures  in  the  system  by  altering  the  pressure  and  flow. 

The  program  simulates  complete  systems.  It  calculates  values  of  tLows, 
pressures,  state  variables,  component  temperatures,  fluid  temperatures,  and  line 
wall  temperatures  throughout  t he  system. 

The  program  is  composed  of  five  basic  parts;  input,  steady  state  calculations, 
line  calculations,  component  calculations,  and  output. 

The  designer  inputs  data  describing  the  lines,  components,  and  system 
configuration.  Since  the  simulation  is  only  as  good  as  the  data,  some  of  the 

information  required  for  components,  such  as  a pump,  is  very  detailed. 

The  steady  state  part  of  the  program  balances  the  pressures  and  flows  in  the 

system,  and  calculates  values  for  all  the  system  state  variables.  Once  the  initial 

values  are  established  at  zero  time,  the  program  starts  by  calculating  temperatures 

at  different  junctions  in  the  system  for  a small  change  in  time. 

All  lines  are  divided  into  segments  for  the  calculations.  The  length  of  each 
segment,  when  calculated,  is  equal  to  the  fluid  volume  flow  rate  times  the  time 
step  divided  by  the  fluid  cross  sectional  area.  An  integer  number  of  segments  are 


1 .0-1 


used,  and  Che  program  adjusts  the  line  segment  lengtiis  accordingly.  The  t • t 
interval,  DELT,  and  segment  length,  DELTAX,  may  be  input  by  the  user.  Thes<-  coram- 
eters  must  be  chosen  carefully  because  the  finite  difference  backwards  mode  of 
calculation  can  cause  instability  and  erroneous  results  if  the  time  step  is  too 
large.  If  this  occurs,  either  decrease  DELT  or  increase  DELTAX. 

Line  segment  temperatures  are  calculated  witli  its  temperature  from  the  previous 
time  and  the  updated  temperature  of  the  upstream  line  segment  temperature  and  old 
downstream  line  segment  temperature.  Line  segment  temperatures  are  calculated  each 
time,  in  sequence,  moving  down  the  line  with  the  flow.  Component  fluid  and  wall 
temperatures  are  calculated  next,  using  updated  temperatures  from  the  upstream  and 
downstream  line  segments  as  boundary  conditions. 

The  program  continues  the  calculations  at  DELT  intervals,  first  calculating 
the  lines'  temperatures  and  then  component  temperatures. 

The  program  selects  the  values  that  are  to  be  used  as  output  or  to  be  plotted, 
at  specified  time  steps.  It  is  not  considered  necessary  to  plot  every  value  calcu- 
lated. After  calculations  are  completed,  the  output  is  printed  and  plotted. 
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2.0  TECHNICAL  SUMMARY 


Tile  HYTTHA  program  is  Intended  for  use  by  engineers  with  varying  interests. 

Some  will  be  concerned  with  the  systems  as  a whole,  while  others  will  be  interested 
in  detailed  information  from  individual  components  or  sections  of  systems. 

HYTTHA  uses  a building  block  approach.  This  approach  allows  the  user  to  m< el 
iiis  t..‘ecis  bv  adding  special  component  subroutines  to  the  existing  component  sub- 
routine library,  if  required. 

The  >.'isient  thermal  analysis  uses  a finite  difference  formulation  for  the 
basic  modes  of  heat  transfer:  convection,  conduction,  and  radiation,  plus  mass 

flow  transfer  and  pressure  work  Several  modes  are  defined  for  the  Lines  and  com- 
ponents of  a system.  A n ’ >e  is  a portion  of  a line  or  component  of  a specified 
volume.  These  nodes  intei  . t thermally  with  connecting  nodes  via  the  various  modes 
of  heat  transfer  defined  abv./e.  Ac  the  e.  d of  each  DELT,  each  fluid  or  wall  (solid) 
node  is  at  its  own  temperature  "he  heat  lalance  for  each  node  is  defined  in  a 
finite  difference  format.  Node  temperature-  are  determined  bv  integrating  with 
available  computer  techniques. 

The  input  to  the  analyses  are  .nitial  temp  ratures  and  pressures,  and  flow 
disturbances  which  change  temperatures  in  the  sys 'em.  The  output  of  the  analysis 
is  a Mme  history  of  pressures,  flows,  at  I temperatures  at  all  nodes  or  connections 
in  the  system.  Selected  system  variables,  which  have  been  changed  bv  the  < on- 
trolling  input,  may  be  output  as  well. 

’ibis  user's  manual  describes  how  the  program  can  be  used,  the  method  'if 
inputing  the  data,  and  the  forms  of  the  available  outputs. 
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'..0  GENERAL  DESCRIPTION 


The  program  requires  a detailed  description  of  the  system  conditions,  lines, 
components,  the  output  data  required  and  the  system  layout. 

The  system  to  he  investigated  must  be  carefully  described  in  block  diagram 
form  befo-e  the  data  input  cards  can  be  produced.  See  Figure  3.0-1. 

ihe  lines  are  numbered  sequent!  1 1 y and  have  designated  upstream  and  down- 
stream ends.  For  simplicity  this  should  follow  a reasonable  sequence,  through  the 
system.  One  line  number  can  be  used  to  represent  any  number  of  lines  in  a series 
provided  the  diameter,  wall  thickness,  and  line  type  and  material  of  each  line 
art  identical.  A branch  may  be  used  to  connect  two  Lines  of  different  diameters. 
The  components  which  include  line  junctions  or  branches  are  then  numbered  as  a 
separate  sequence.  Both  sequences  start  at  #1  and  there  should  be  no  missing 
numbers . 

Once  t he  lines  and  components  have  been  numbered,  the  next  job  is  to  assign 
numbers  to  points  or  nodes  (not  tiie  same  as  line  or  component  nodes)  at  which  the 
flow  divides  or  combines  under  steady  state  flow  conditions. 

The  pump  is  usually  assigned  as  node  1,  since  it  is  the  flow  source.  If  'he 
system  has  two  pumps,  the  second  pump  is  node  #2,  and  so  on.  Once  the  nodes  are 
ail  numbered,  the  legs  or  flow  paths  between  nodes  are  then  numbered  until  all  the 
flow  oaths  between  nodes  are  accounted  for. 

The  system  should  now  have  numbers  assigned  to  all  the  lines,  components, 
nodes,  and  legs.  Also,  component  connection  numbers  and  leg  flow  direction  should 
be  used  so  that  the  proper  line  number  and  flow  sign  can  be  assigned  to  each 
specific  component  connection. 

The  preparation  of  the  input  data  for  each  of  these  groups  is  described  in 
the  following  paragraphs. 
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Branch  (Cl  1 ) 


FIGURE  3.0-1 
EXAMPLE  SYSTEM 
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5.0  LINK  DATA 


6 . 0 COMPONENT  DATA 

7.0  SYSTEM  ARRANGEMENT  DATA 

8.0  OUTPUT  REQUIREMENT  DATA 

This  data  is  needed  for  all  system  simulations  and  rules  for  the  input 
should  be  followed  carefully  to  avoid  '•eiected  runs. 

it  should  be  noted  that  the  current  maximum  number  of  lines  (MNLINE) , 
components  (MNEL) , legs  (MNLEG)  nodes,  (MNODE' , plots  (MNPLOT)  and  line  points 
(MNLPTS)  that  can  be  input  are  establisied  in  Block  Data.  Hence  Block  Data 
must  be  changed  if  any  of  these  maximum;,  values  are  exceeded  when  inputting  a 
system. 


To  have  the  subroutines  select  the:  ccrrecc  properties,  each  subroutine  has  one 


or  more  inputs  of  material  type. 

This  ir.ateLia.  type 

is  a number  associated 

with  a 

certain  metal,  listed  below,  and 

. p t-'  be  user  for 

each  subroutine  in  the 

program. 

MTYPE 

MATERIAL 

TYPE 

1 

Titanium 

6AL-2SN-4ZR-2MO 

2 

Titanium 

6AL-4V 

3 

i lanium 

6AL-6V-2SN 

4 

•lu.r.inum 

2014 

5 

t luininum 

2024-T6 

6 

A iuminum 

6061-T6 

7 

Aluminum 

7075-T6 

8 

Steel 

4130 

9 

Steel 

301 

i0 

Steel 

304 

1 1 

Steel 

1 7-4P11 

12 

Stee  L 

A286 

13 

Teflon 

— 

Another  input  for  each  component  is  a D (PERC ) 

term . 

D(PERC)  is  used  to  evaluate 

how  much  of  the  heat,  generated  by  a 

pressure  drop,  is  added  directly 

into  the  fluid.  A 

value  of  1.0  - D(PF.RC) 

of 

that  heat  is  added  into  the  walls  in  contact  with  the  fluid.  Normally  D(PERC) 
equals  1.0, 
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Descrip lion  of  Figure  3.0-1 

Figure  3.0-1  shows  a simple  hydraulic  .system  utilizing  lines  and  different 
types  of  components  currently  in  the  program.  This  system  illustrates  how  lines, 
components,  connections,  legs  and  nodes  are  numbered.  As  an  aid,  the  integer  data 
shown  on  the  following  example  data  cards  have  been  input  to  reflect  this  system 
where'  applicable. 

1 . Symbol  Def in?  tion 

Symbol  Description 

NXX  Node  number  XX 

CYY  Component  number  YY 

2 . Assignment  of  Leg  Numbers 

Once  node  points  are  established,  leg  numbers  are  set  up  to  represent  component (s) 
and  or  lines  between  nodes  as  follows. 


Leg.  No. 

Leg  Goes 

From 

1 

*N7 

to 

Nl 

2 

N1 

to 

N6 

3 

N3 

to 

N4 

4 

N3 

to 

NS 

5 

N5 

to 

N4 

6 

N4 

to 

N6 

7 

N6 

to 

N7* 

8 

N2 

to 

N3 

9 

*N8 

to 

N2 

10 

N2 

t 0 

N9 

11 

N1 

to 

N2 

*Type  62  reservoir  is  unique  in  that  its  two  nodes  don't  require  a 
connecting  leg. 
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4 . 0 CONTROL  DATA 

4.1  GENERAL  CONTROL  DATA 

This  group  includes  three  cards  which  set  up  the  program  title,  time 
intervals,  fluid  temperature  and  type,  number  of  lines  and  components  and 
pressures . 

Card  1 - This  card  inputs  the  program  title.  A maximum  of  80  alphameric 
characters  can  be  used  in  the  title  starting  at  card  column  1. 

Example  Card: 


Card  2 - Tills  card  inputs  data  for  the  number  of  lines  and  components,  and  three 

$ 

times.  Time  one  is  the  calculation  time  interval  used  as  the  main  program 
time  step.  The  second  time  is  the  total  calculation  time  until  program  stops, 
and  time  three  is  the  plotting  time  interval. 

The  time  step  should  not  be  so  large  as  to  let  the  fluid  travel  further 
than  the  segment  length,  DELTAX  during  that  time.  If  the  time  is  chosen  too  large, 
the  line  routine  will  recalculate  the  segment  length. 

DELTAX  = fiow  * time  step 

fluid  cross  sectional  area 

The  plotting  time  interval  is  selected  to  suit  the  output  device,  the 
minimum  being  the  calculation  time  interval.  The  actual  value  is  usually 
chosen  to  give  101  plotted  points  (i.e.  = final  time  - 100  or  N times  the 
calculation  time  interval  so  that  every  Nth  calculated  point  is  plotted). 
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CARD  NUMBER  .> 


COLUMN  FORMAT  DATA 


DIMENSIONS 


IS  Total  Number  of  Lines 


5 Total  Number  of  Components 


11-20  E10.0  Calculation  Time  Interval,  DELT 


21-  H)  E10.0  Final  Time 


31-40  E10.0  Plotting  Time  Interval 
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Card  3 - The  first  value  is  the  fluid  type.  The  program  is  set  up  to  run  with 


either  of  the  following  fluid  types  at  any  temperature  from  -65°F  to  300°F.  If  a 
computed  temperature  exceeds  300°F,  the  fluid  properties  at  300°F  are  used. 

Type  //I  MIL-H-5606B 

Type  it 2 MIL-H-83282 

Type  it 3 Skydrol  500B 

The  fluid  type  number  selects  the  fluid  data  to  be  used  from  tabulated 
data  stored  in  the  program  and  adjusts  the  fluid  properties  to  the  computed 
pressure . 

The  second  value  is  the  fluid  temperature  throughout  the  system.  This 
is  intended  as  a default  value  should  the  user  forget  to  enter  the  fluid 
temperature  on  the  component  cards.  The  fluid  temperature  will  default  to  100°F 
if  this  column  is  left  blank. 

The  third  value  is  the  fluid  vapor  pressure  at  the  fluid  temperature. 

Note:  If  the  vapor  pressure  is  not  input  the  program  will  use  a value  of  2 psia. 

The  last  value  is  the  atmospheric  pressure  at  the  conditions  of  the  run. 

The  valve  14.7,  atmospheric  pressure  at  sea  level  will  be  used  if  this 
value  is  not  input. 


4.0-4 


EXAMPLE  CARD 


f 


/ 1 < ‘ • > » 1 r n Jl  )•«  <4  >*'/'•  >?  li  fi  7 4 7*>  24  27  }£■«  K>  It  U JJ  »4  J*  }4  J7  w V)  40  4'  4?  4)  44  4*  4k  4'  4t  4^  *0  4 W ^ 44  *4^  « 


**»'’"  '2  ij  4 I)  II.  7 i«  |»  ?.»  ? n JJ  24  2>  ?♦  27  25  24  JO  Jl  >2  JJ  J4  J1-  34,  47  ut  >*  4'  4.  42  <1  44  44  4*  .7  <4  • * *h  *»  * '1  1 


0 0 0 0 0,0  OOOOOOOg  OiQ  OQOCOOOO  0‘0  00000000  OiO  OOOQflOOO  0|0  0 0 0 C 0 

- *' 1 1 *1  II  II  II  Dili  I II  II  II  ■ 


■ in 

1 i i i Ji|:  ! ! ! ! 

2 2 2 2 2'2  2 2 2 2 


3 3 3 3 3>3  33333333  gj?  3 3 3 3 


4444444444 

i ■ i i'i  i i i ii 


5 5 5 5 i'i  5 5 5 5 5 5 5 5 5'5  5 5 5 5 


1 1 1 I J|1  1 ) J I 


9 8 s s S‘M  m m ifj'S  g m 


998990)99] 


>1  'i  ii  u jit  it  it  ii  :i 

i ! i n i 

i 

22222 12  2222 


44444>4  4444 

11 11 11  ii!n  . 1 11 11  :i 


6 E 6 S E‘S  £ £ 6 S 6 S 6 E E'S  S 6 6 6IS  b S 6 G>S  C G 6 E 


1 


ijii  11 11  n » 
■Mill 


2 2 2 | 2.2  2 2 2 2 2 2 2 2 7<2  2 2 2 2 


3 3 3 3 S<3  3 3 3 3 

*1 

4444  4*4  4444 

n ')  ;i  n{n  n 11  n n| 
5 5 5 5 i'i  5 5 5 5 


II  11  n h 11, n |i  11 II  It] 

! 1 1 ! l;n  I I ! 


<<!<  4-4  4 4 4 4 

11 11 11  ii  njii  i>  11 11  n| 

|5  5 5 9 iji  5 5 5 5 

sesgg!sgegg 


I 1 II  !jl  ! I ! ! 


2 ’ 2 2 2'2  2 2 2 2 2 2 2 2 2<2  2 2 2 2 2 2 2 2 2'2  2 2 2 2 


:3  3 3 g 3'3  3 3 3 3(3  3 3 3 3'3  3 3 3 313  3 3 3 3'3  3 3 3 313  3 3 3 3>3  3 3 3 3|3  3 3 J J i 3 3 3 3 


1 

44444*44444 

■ II  II  II  lljll  II  11  11  11I1 

;5  5 5 i i'i  5 5 5 5 5 
1 

5 6 8 6 6'6  8 6 5 6|6 


MCDONNELL  AUTOMATION  COMPANY 


; igj  vi  11  n 


lllll'IIMI 


mm: 


8 8 I t S'3  3 8 8 8 8 8 8 e 3*8  8 8 8 8 


M M I 


M M I'M  M I 
1 

3 8 8 8 8'8  8 8 8 818 


-h. 


|9  3 9 ! 9 ,9  9 9 I l|)  9 9 ) )|9  3 5 9 )|)  ) 9 9 ),9  ) 9 ! )|)  ) 9 J 9,))  9 9 9 |S  9 9 9 9,9  9 9 9 3(9  3 9 9 9,9  9 9 9 9|9  9 9 9 9i9  9 S 9 9 
i 1 1 1 1 1 1 1 11  'I  -1 11 11 11  11 11 11 11  it  ii  1 11 11  n 11 1 it  11  « n 11 11 11  11  ii  “ 11 11 11 11  11 11  n r.  a 11  n 11  n 11  11 11 » 11  n >1  11 11  u r n 11 11 1 n 11 11 11  1 - 1 1 1 1 -•  1 


0 0 0 o;o  0 0 0 o[a  0 0 0 o;o  0 0 a 0 

1 1 >'  i<  ujn  ii  .1 11 

M I I'M  ! M 


11 11 11  n ii|ii  i'  11 11  1 
I I ! | I'I  | 1 1 1 


0 ii  0 0 o;o  0 0 0 0 

1-  I 1 -I  'lilt  'I  'I  I! 

M M !]i  M i 1 

2 2 2 2 2 2 2 2 2 2 


4 4 4 4'4  4 4 4 4 4 4 4 4 4;4  4 4 4 4 

11  ii  n n|»  1 1 n it  t 11 1 n d'i'i  > 11 11  I] 


4 4 1 1 1 4 4 4 )4 


[5  5 5 5 5[5  5 5 5 5|5  5 5 5 Vi  5 5 5 5 


5 5 5 5|5  5 b i 5 
SEE  6 j$  GES66566  5|6  SEE  6 |S  6 6 6 6|6  6 6 6 6 
M M'M  M M M M'M  M iiM  M M M M 


ft.  0-5 


5.0  LINK  DATA 


The  number  of  cards  used  in  this  group  will  he  twice  the  number  of  lines 
entered  on  card  2 (two  cards  for  eacli  line) . An  error  message  will  be  written 
when  the  number  of  lines  exceeds  the  maximum  number  specified  in  block  data  and 
the  program  will  stop.  A line  number  may  not  be  omitted  or  used  twice. 

To  differentiate  between  rigid  lines  and  flexible  hoses  the  material  type 
will  be  used.  The  same  mathematical  equations  are  involved  with  both  types  of 
lines  so  the  same  routine  is  used  for  each. 

True  bend  angles  less  than  90°  are  summed  and  input  in  columns  31-35.  Bend 
angles  equal  to  or  greater  than  90°  are  summed  and  input  in  columns  36-40. 

Card  number  two  of  the  line  data  is  self  explanatory  except  for  the  heat 
transfer  coefficient.  If  not  input  by  user  then  the  program  will  set  it  equal 
to  0.0069  which  is  a value  nearly  equal  to  that  for  still  air. 
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TLTNEA 

CARD  NUMBER  1 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-5 

15 

Line  Number 

— 

6-10 

15 

Material  Type  Number 

— 

11-15 

15 

Percentage  Increase  in  Line  Friction 

— 

16-20 

15 

Percentage  Increase  in  Weight 

— 

21-25 

Number  of  45°  Elbows 

— 

26-30 

,5 

Number  of  90°  Elbows 

— 

31-35 

15 

Total  Bend  Angles  Less  than  90° 

DEG 

36-40 

i 

15 



Total  iend  Angles  Greater  than  90° 



DEG 
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COLUMN 

FORMAT 

1-10 

E10.0 

11-20 

E10.0 

21-30 

E10.0 

31-40 

E10.0 

41-50 

E10.0 

51-60 

E10.0 

61-70 

ElO.C 

DATA 


TOTAL  UNE  LENGTH  INCLUDING  FITTINGS 


OUTSIDE  LINE  DIAMETER 


LINE  WALL  THICKNESS 


LENGTH  OF  LINE  SEGMENT  (DEI TAX') 


DIMENSIONS 


IN. 


IN. 


IN. 


IN. 


HEAT  TRANSFER  COEFFICIENT,  WALL  TO  ATMOSPHERE  WATT/ IN2-0 


SURROUNDING  STRUCTURE  TEMPERATURE 


SURROUNDING  ATMOSPHERIC  ".MPERATURE 


HYDRAULIC  FLUID  INITIAL  TEMPERATURE 
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6 . 0 COMPONENT  DATA 


Components  are  classified  as  anything  that  is  not  a line,  and  includes 
such  things  as  branches,  pumps,  reservoirs,  valves,  actuators,  etc. 

The  cards  required  to  input  the  data  for  each  component  are  as  follows: 

First  Card 

This  card  inputs  the  integer  data  which  includes  the  component  number 
assigned,  the  component  type  number,  number  of  real  data  cards  for  the  component, 
and  line  numbers  (either  negative  or  positive  depending  whether  the  upstream 
or  downstream  end  of  the  line  is  connected  to  the  component.)  Any  card  data 
fields  not  required  are  to  be  left  blank.  All  components  have  pre-assigned 
connection  numbers.  The  input  data  assigns  line  numbers  to  these  component 
connection  numbers.  A -ve  sign  in  front  of  the  line  number  is  used  if  the 
connection  is  attar.' ed  to  the  upstream  end  of  the  line.  A +ve  number  is  used 
to  indicate  that  tin  component  connection  is  attached  to  rhe  downstream  end 
of  the  line. 

Following  Cards 

These  input  the  read  data,  if  any,  for  the  component.  The  number  of 

real  data  cards  to  be  read  is  specified  on  the  first  integer  card  in  columns  11-15. 

component  cards  are  inpuc  in  the  iOii ow i ng  o r u e i • 

integer  Card 
Data  Cards 

integer  Card 
Data  Cards 


i \.j  mimic*  i ci i1 

Component  III 
Component  it  2 
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And  so  on  until  the  number  of  integer  cards  read,  equals  the  number  of  component 
It  is  advisable  to  keep  the  component  cards  in  order  to  avoid  confusion  and 
perhaps  the  chance  of  having  a missing  number.  The  program  stops  if  a number 
is  found  to  be  missing.  The  data  required  for  each  component  is  described  in 
detail  in  the  following  paragraphs. 

The  components  are  grouped  under  general  type  numbers  for  convenience. 


Type  its 
1 - 9 
10  - 19 
20  ~ 29 
30  - 39 
40  - 49 
50  - 59 
6 0 - 69 
70  - 79 
80  - 89 
90  - 99 
100  - 119 


Component  Types 
Not  assigned 
Branches 
Control  Valves 
Check  Valves 
Restrictors 


Pumps 


Reservoirs/IIeat  Exchangers 

Accumulators 

Fi Ltcrs 

Control  Subroutines 
Actuators 


If  a new  component  of  any  above  types  is  to  be  used  in  a system,  the 
following  changes  will  have  to  be  made  to  the  program. 

1.  A new  component  subroutine  must  be  created.  The  name  should  be 
similar  to  the  old  name  except  for  the  last  digit  which  should 
be  the  next  available  digit  in  the  sequence. 

2.  The  new  subroutine  call  must  be  added  to  TCOMPA  subroutine  in  its 
respective  group. 

3.  Make  any  necessary  changes  to  TCOMPA  to  allow  isolation  and  control 
to  be  passed  to  the  new  component  subroutine. 
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4.  The  initialization  data  for  the  new  component  subroutine  must  be 
added  to  Block  Data  (See  Volume  II) . 

5.  The  new  subroutine  must  then  be  loaded  into  the  file  being  used. 
Example 

Newly  created  accumulator  subroutine  would  be  named  TACUM72.  TCOMPA 
would  be  changed  to  the  following. 


270  CONTINUE 

GO  TO  (271,272,400),  KTYPE-70 

271  CALL  TACUM71  (D(N1)  ,I)(N2)  ,DD(N3)  ,L(N4) ) 
GO  TO  400 

272  CALL  TACUM72  (I)(N1 ) ,D(N2)  ,DD(N3)  ,L(N4)) 
GO  TO  400 

280  CONTINUE 


1* 
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6.10  BRANCHES 


A branch  is  a connection  used  to  join  two  or  more  lines  or  to  cap  off  a 
line.  The  following  is  currently  included  in  the  program. 

TYPE  // 11  Frictionless  Branch  (TBRAN11) 


6.11  FRICTIONLESS  BRANCH 


Junction 


Y-Branch 


Cross  Branch 


* 


FIGURE  6.11-1 

Type  No.  11  Frictionless  Branch 


Type  11  Is  a frictionless  branch  with  one  through  four  connections. 

With  one  connecting  line,  the  line  is  blanked  off.  With  two  connecting  lines, 
the  branch  becomes  a union  between  the  two  lines.  With  three  or  four 
connections  the  branch  becomes  a "Y"  or  "T"  or  a "cross",  respectively. 

The  branch  fluid  and  wall  temperatures  are  calculated. 
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T BRAN  1 1 
CARD  NUMBER  1 


COLUMN 

FORMAT 

mm 

15 

6-10 

15 

11-15 

15 

16-20 

15 

21-25 

15 

26-30 

15 

31-35 

15 

36-40 

15 

41-45 

15 

46-50 

15 

51-55 

15 

56-60 

15 

61-65 

15 

66-70 

15 

71-75 

15 

76-80 

15 

EXAMPLE 

CARD 

Component  Number 


Type  Number  = 11 


Number  of  Real  Data  Cards  = 2 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (with  sign)  attached  to  Connection  2 


Line  Number  (with  sign)  attached  Connection  3 


Line  Number  (with  sign)  attached  to  Connection  4 
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T BRAN  I 1 
CARD  NUMBER 


COLUMN 

FORMAT 

DATA 

1-10 

E10.0 

BRANCH  MATERIAL  TYPE 

11-20 

E10.0 

BRA'.GH  MASS 

21-30 

E10.0 

VOLUME  OF  FLUID  IN  BRANCH 

31-40 

E10.0 

AVERAGE  DISTANCE  FROM  INLET  TO  OUTLET 
(ALL  COMBINATIONS  INCLUDED) 

41-50 

E10.0 

EXTERNAL  SURFACE  AREA  OF  BRANCH 

51-60 

E10.0 

SURFACE  AREA  FLUID  TO  BRANCH  CASE 

61-70 

E10.0 

HEAT  TRANSFER  COEFF.  BRANCH  TO  ATMOSPHERE 

71-80 

i 

E10.0 

TEMPERATURE  OF  SURROUNDING  STRUCTURE 

1 

DIMENSIONS 
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6.20  CONTROL  VALVES 


Control  valves,  either  shut-off;  or  modulating  type,  can 
by  inputting  the  valve  opening  characteristics  versus  time. 

are  currently  included  in  the  program. 

Type  #21  Two-way  Control  Valve  (TVALV21) 

Type  #22  Three-way  or  Four-Way  Valve  (TVALV22) 


be  simulated 
The  following 
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6.20  CONTROL  VALVES 


Control  valves,  either  shut-off  or  modulating  type,  can  be  simulated 
by  inputting  the  valve  opening  characteristics  versus  time.  The  following 

are  currently  included  in  the  program. 

Type  // 21  Two-way  Control  Valve  (TVALV21) 

Type  1122  Three-way  or  Four-Way  Valve  (TVALV22) 
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6.21  TYPE  #21  TWO-WAY  CONTROL  VALVE 


<1**  Jc  009*1  1*1 

FIGURE  6.21-1 

TYPE  NO.  21  TWO-WAY  VALVE 

1 vpe  #21  valve  uses  an  externally  controlled  time  history  input.  The 
valve  opening  versus  time  derived  from  the  tabulated  data  input  on  the  fifth 
and  sixth  data  cards.  The  total  number  input  on  both  the  time  and  displace- 
ment tables  must  be  equal  to  the  number  input  in  columns  26-30  of  card  number 
one.  The  valve  fluid  and  wall  temperatures  are  calculated. 
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TVALV2  1 
CARD  NUMBER  1 


COLUMN 

FORMAT 

1-5 

15 

6-10 

15 

11-15 

15 

16-20 

15 

21-25 

15 

26-30 

15 

31-35 

15 

36-40 

15 

41-45 

15 

46-50 

15 

51-55 

15 

56-60 

15 

61-65 

15 

66-70 

15 

71-75 

15 

76-80 

T5 

Component  Number 


Type  Number  - 21 


Number  of  Real  Data  Cards  - A or  more 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (with  sign)  attached  to  Connection  2 


Number  of  data  points  in  table 


EXAMPLE  CARD 
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TVALV21 

CARD  NUMBER  2 


; COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

VALVE  MATERIAL  TYPE 

— 

11-20 

E10.0 

PISTON  MATERIAL  TYPE 

— 

21-30 

E10.0 

VALVE  MASS 

1,13m 

31-40 

E10.0 

PISTON  MASS 

LBm 

41-50 

E10.0 

DISTANCE  FROM  ENT.  TO  EXIT  OF  VALVE 

IN. 

51-60 

E10.0 

VOLUME  INSIDE  VALVE 

IN.5 

61-70 

E10.0 

SURFACE  AREA  ATMOSPHERE  TO  VALVE  WALL 

IN.2 

71-80 

E10.0 

SURFACE  AREA  FLUID  TO  VALVE  WALL 

IN.2 

EXAMPLE  CARD 
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6.  22  TYPE  it  22  FOUR-WAY  /THREE-WAY  CONTROL  VALVE 


FIGURE  6.22-1 

TYPE  NO.  22  FOUR-WAY  VALVE 

Ihe  Type  H22  valve  can  be  used  either  as  a four-way  or  three-way 
control  valve  with  an  externally  controlled  time  history  input.  The  valve 
opening  versus  time  is  derived  i rom  the  tabulated  input  data.  Valve 
flu-d  temperatures  are  calculated  along  with  the  valve  wall  temperature. 

The  valve  model  can  handle  any  or  all  ports  flowing  simultaneously 
and  if  necessary,  all  cr  any  group  may  open  in  the  same  direction.  The 
center  position  of  the  valve  is  just  a reference  point.  To  input  the  data 
for  the  valve  it  is  necessary  to  know  the  approximate  characteristics  to 
be  simulated  such  as  valve  overlap;  open  center  underlap,  etc. 


6.22~1 


The  valve  opening  versus  position  characteristics  are  described 
separately  for  each  port.  The  description  is  the  same  for  each  one  and  if 
all  inputs  were  identical  the  valve  areas  of  each  port  would  be  equal 
versus  valve  position. 

The  user  should  choose  from  the  family  of  curves  in  Figures  6.22-2 
the  valve  area  versus  position  characteristic  best  suited  uo  his  valve. 

The  nexr  task  is  to  determine  the  projected  cutoff  and  the  max  opening 
position  which  will  give  the  required  area  slope.  It  should  be  noted 
that  either  of  these  two  values  may  be  beyond  the  input  position  range. 
Additional  non-linearity  can  be  simulated  by  the  use  of  non-linear  position 
versus  time  input. 

Typical  plots  of  valve  area  versus  position,  for  the  input  card  data 
are  given  in  Figure  6.22-3. 
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TVALV22 
CARD  NUMBER  1 


COLUMN 

FORMAT 

DATA 

1-5 

15 

Component  Number 

6-10 

15 

Type.  Number  = 22 

11-15 

T5 

Number  of  Real  Data  Cards  = 5 or  more 

16-20 

15 

Line  Number  (with  sign)  attached  to  Connection  1 

21-25 

15 

Line  Number  (with  sign)  attached  to  Connection  2 

26-30 

15 

Line  Number  (with  sign)  attached  to  Connection  3 

31-35 

15 

Line  Number  (with  sign)  attached  to  Connection  4 

36-40 

15 

Number  of  Data  Points  on  the  Time  Data  Table 

41-45 

15 

46-50 

15 

51-55 

15 
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15 

61-65 
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TVALV22 

CARD  NUMBER  2 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

CON  It  1-2  PROJECTED  CUTOFF  POSITION 

IN 

11-20 

E10.0 

CON  H- 2 PROJECTED  MAX  OPENING  POSITION 

IN 

21-30 

E10.0 

CON  #1-2  MAX  EFFECTIVE  VALVE  AREA 

IN2 

31-40 

E10.0 

CON  #1-2  CHARACTERISTIC  CURVATURE  COEFF. 
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FORMAT 


DATA 


DIMENSIONS 
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#3-4 

PROJECTED  CUTOFF  POSTTTON 

CON 

#3-  4 

PROJECTED  MAX  OPENING  POSITION 
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in- 4 

MAX  EFFECTIVE  VALVE  AREA 
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/1 3 -4 

CHARACTERISTIC  CURVATURE  COEFF. 
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CARD  NUMBER  4 


COLUMN 

FORMAT 

data 

DIMENSIONS 
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valve  material  type 
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6.22-6 


CARD  NUMBER 


I COLUMN  FORMAT  DATA 

i 


1-10  E10.0  TEMPERATURE  OF  SURROUNDIN'',  STRUCTURE 


I 

11-20  E10.0  j TEMPERATURE  OF  SURROUNDING  ATMOSPHERE 


DIMENSIONS 


71-80  I E10.0 


EXAMPLE  CARD 
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6.22-7 


CARD  NUMBER  6 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

FIRST  TIME  VALUE  - SHOULD  BE  0 

SEC 

11-20 

E10.0 

(ENTER  AS  MANY  TIME  VALUES 

21-30 

E10.0 

AS  REQUIRED  USING  AS  MANY 

31-40 

E10.0 

COLUMNS  AND  CARDS  AS 

41-50 

E10.0 

NECESSARY  - FINAL  TIME 

51-60 

El  0.0 

SHOULD  BE  FINAL  CALCULATION 

. ..  .....  . _ 

61-70 

I*  10.0 

TIME) . 

O 

CO 

1 

r—i 

P". 

E10.0 

— 



EXAMPLE  CARD 
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*9*2?*  i30 


CARD  NUMBER  7 


COLUMN 

FORMAT 

1-10 

El  0.0 

11-20 

E10.0 

21-30 

E10.0 

31-40 

F.10.0 

41-50 

E10.0 

51-60 

E10.0 

61-70 

E10.0 

DIMENSIONS 


Initial  Vaive  Position  .j  T = 0 


(Enter  as  Many  Valve  Positions 


as  Time  Values) 


71-80 


El  0.0 


EXAMPLE  CARD 
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6.22-9 


01  93J  91 


REVERSE  CURVE  D =8.0 


NI  V3HV  3A1VA  3AI.LD3333 


6.22-10 


FIGURE  6.22-2 

EFFECTIVE  VALVE  AREA  CHARACTERISTICS 


6.30  CHECK  VALVES 


Check  valves  either  completely  restrict  the  flow  or  let  it  pass  without 
any  appreciable  obstruction.  The  following  type  is  currently  included  in  the 
program. 

Type  It 31  Undamped  Check  Valve  (TCVAL31) 


6.30-1 


6. 31  TYPE  //31  UNDAMPED  CHECK  VALVE 


CHECK  VALVE 


FIGURE  6.31-1 
TYPE  NO.  31  CHECK  VALVE 


Check  valve  Type  ^31  can  open  and  close  during  operation 
clamping  or  displacement  characteristics.  The  valve  may  be  in 
position,  depending  on  flow,  or  completely  closed.  The  check 
fluid  wall  temperatures  are  computed. 


without  any 
any  open 
valve  and 
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rcvAi.n 

CARD  NUMBER 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

INTERNAL  DIAMETER  OF  INLET 

IN. 

11-20 

E10.0 

INTERNAL  DIAMETER  OF  OUTLET 

IN. 

21-30 

E10.0 

NOT  USED 

— 

31-40 

E10.0 

SPRINC:  CONSTANT 

•VIM. 

41-50 

El  0.0 

MAXIMUM  POPPET  DISPLACEMENT 

IN. 

51-60 

FI  0.0 

SPRING  PRELOAD 

LBm. 

61-70 

E10.0 

VALVE  MATERIAL  TYPE 

1 

| 71-80  | E10.0  POPPET  MATERIAL  TYPE 


EXAMPLE  CARD 
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z*>  fto 


2*66 


LARD  NUMBER  3 


COLUMN 

1 

FORMAT]  DATA 

1 

DIMENSIONS 

1-10 

E10.0 

VALVE  MASS 

LBm 

11-20 

E10.0 

POPPET  MASS 

LBm 

21-30 

E10.0 

VOLUME  OF  FLUip  INSIDE  CHECK  VALVE 

IN3 

31-40 

E10.0 

CHECK  VALVE  LENGTH 

IN. 

O 

iTS 

1 

<r 

El  0.0 

SURFACE  AREA  FLUID  TO  PISTON 

IN.2 

51-60 

El  0.0 

SURFACE  AREA  FLUID  TO  CHECK  VALVE 

IN.2 

61-70 

E10.0 

SURFACE  AREA  CHECK  VALVE  TO  ATMOSPHERE 

IN.2 

1 

71-80 
1 

El  0.0 

— 

HEAT  TRANSFER  COEFF.  VALVE  TO  ATMOSPHERE 

WATTS /IN2- °F 

EXAMP LK  CARR 
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1 
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3 3 3 3 3'3  3 3 » 3 
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1 
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I 
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I 
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1 2 1 2 I'l  1 I 2 1 
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6.31-4 


CARD  MJMIiLR 


I 

COLUMN  FORMAT  DATA 


PERCENTAGE  HEAT  ADDED  TO  FLUID  (DUE  I'O  AP) 


11-20 

E10.0 

21-JO 

E10.0 

31-40 

:;io.o 

41-50 

E10.0 

51-60 

El  o.o 

61-70 

E10.0 

| 71-80  | E10.0 


DIMENSIONS 


EXAMPLE  CARD 


’5-  ' / <%  ••  s j f?  ?j  ?♦  g tr  ;•  ?*  x<  v )?  y>  * \t  v>  >»  «o  « »g«o  • < 
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0 o o p o;a  o o o o o o o o O'O  o o g ojo  o o o co  o o g o o o t o o'o  o o c n o o o o o;o  o (i  o o o o o o o;o  o i o o;c  o o o on  o o o o o o o o o;o  o o o o 

' i < i't  i i ii  i «j  >j  i ij'i  ■»  it  ii  jji  ji  •>  n >>'*  t»  7i  :i  m p ti  p »i  p|h  v )i  p <i  it  i>  u ii  ijjii  n u o ii  p » » u »]>»  *•  a a .»i  w r u n r ii  u • t *i  »i  »j|f|  »•  ’t  :» 

1 i i t i!i  1 1 g 1 i i i 1 : >i  l t i !i  i I i pi  it  i ii  i i i ft  r i i i i i ii  i' i 2 i i i i i i i mi  it  ii  i i i i i ii  > i i ii  i ri  t i : i 

? 1 7 ivi  ? 2 1 } 2 m i‘n  j 1 1 ? : n 1 7 ? ; 7 ? ? ? c?  ? | ? ? ? ? ? ■> vi  ? •:  u 2 ? ? i ?•;  ? ? : ?!?  2 j 2 ?'? : j ? ; ; : ? ?■?  ? ■ i ; 
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5 5 5 5 J;5  S J 5 S $ $ 5 5 i;5  5 S 5 5l5  5 5 5 5;5  S S S 5 S s 5 0 i;S  5 5 i 5 5 5 5 5 515  5 5 i 5 5 5 1 5 5;5  5 5 i b S S 5 5 S'(5  3 5 5 j!s  5 3 > 1 5 i 5 5 ' 

• ill  1 I ' I I I 

6 6 6 5 6-6  6 6 6 6 6 6 6 S 6 <6  8 6 b 516  6 6 6 S'6  5 6 6 6 6 S 6 6 E'S  6 S 6 8 5 S 6 6 6<6  f>  B 6 6 6 6 6 6 6'6  6 5 6 6 6 S B 6 6'6  6 6 6 C 0 c 6 fi  8'8  6 6 6 
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m • m;j  j 1; ; m 7 m m§  1 »|m  m ;;Mg m|i  m m;m  m iim  m ;j;  m ? m m i m 11  m!m  11  dm  m m m m"  mi- 
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6.31-5 


6.40  RESTRICTOR 


Thor?  are  several  varieties  of  restrictors,  including  the  simple 
orifice,  Lee  Jet  and  two  way  ones.  The  following  i . currently  included 
in  the  program. 

TYPE  441  Orifice  Restrictor  (TREST4 1 ) 


6.40-1 


6.41 


TYPE  £41  ORIFTCE  RESTRICTORS 


0 


Flow 


r»P!4  0”3  i 


Type  ^41  orifice  restrictor  is  a two-way  restrictor  since  for  either 
flow  direction  the  discharge  coefficient  is  assumed  to  be  tiie  same. 

The  restrictor  fluid  and  wall  temperatures  are  calculated. 


6.41-1 


TRF.ST4  l 
CARD  NUMBER  1 


COLUMN 

FORMAT 

1-5 

15 

6-10 

15 

11-15 

15 

16-20 

15 

21-25 

15 

26-30 

15 

31-35 

15 

36-40 

15 

41-45 

15 

46-50 

15 

51-55 

15 

56-60 

15 

61-65 

15 

66-70 

15 

71-75 

15 

76-80 

15 

Component  Number 


Type  Number  = 4] 


Number  of  Real  Data  Cards  = 2 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (with  sign)  attached  to  Connection  2 


I *r  I Ji  f*  '•>  ?>  Vi  V 9.  D '*  « >»  9*  '»  If  ♦ 
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' • 1 1 ' ; 
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. , i i • ' 
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: _ : ■ 
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3 j 8 8 E'l  3 8 8 S'8  8 8 8 8'8  8 8 I I 8 I I I ='S  8 8 8 8 8 I 8 8 8'8  8 8 8 8 8 8 j 8 8'8  8 8 8 8 8 8 8 £ 81!  8 8 8 3 8 8 8 8 8'8  8 8 8 8 3 8 8 8 8'8  8 8 5 3 
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TREST4 1 

CARD  NUMBER  2 


COLUMN 

FORMAT 

DATA 

1-10 

E10.0 

RESTRICTOR  MATERIAL  TYPE 

11-20 

E10.0 

RESTRICTOR  MASS 

21-30 

E10.0 

FLUID  VOLUME  INSIDE  RESTRICTOR 

31-40 

E10.0 

RESTRICTOR  LENGTH 

41-50 

E10.0 

SURFACE  AREA  RESTRICTOR  WALL  TO  ATMOSPHERE 

51-60 

E10.0 

HEAT  TRANSFER  COEFF  RESTRICTOR  WALL  TO 
ATMOSPHERE 

61-70 

E10.0 

PERCENTAGE  HEAT  ADDED  TO  FLUID  (DUE  TO  P) 

m 

O 

o 

TEMPERATURE  OF  SURROUNDING  STRUCTURE 

1 

DIMENSIONS 


WATTS/ IN  -°F 


EXAMPLE  CARD 


L tt  t ' 29  s''  S'  s*  «E'«  sy  st,  s*  v S,  4/.  4 ‘S**  4*  «•  ».  4-8* 
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<t  p1  4 n ■«,  ir  • « .»  to  2 /?  7S  J4  ?»  f 29  79  >0  V \i  M u » 
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CARD  NUMBER  3 


COLUMN  FORMAT  DATA 


1-10  E10.0  TEMP.  OP  SURROUNDING  ATMOSPHERE 


11-20  E10.0  I INITIAL  TEMPERATURE  OF  FLUID 


DIMENSIONS 


21-30  E10.0  INITIAL  TEMPERATURE  OF  RESTRICTOR  WALLS 
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6.51  TYPE  _//  5J  PUMP 


Connection 
No  1 


Volume 
of  Inlet 
Chamber- 


Pump  Port  Manifold- 


Pump  Case 
Mass 


Connection  No  2 

Volume  of 

Outlet 

Chamber 


-Compensator  Valve 


Connector  No.  3- 


FIGURE  6.51-1 

TYPE  NO.  51  PRESSURE  REGULATED  VARIABLE 

DISPLACEMENT  PUMP  GP7T  0065  19 

The  pump  subroutine  TPUMP51  is  a simulation  of  a pressure  regulated  variable 
displacement  pump.  The  pump  model  computes  values  of  outlet  and  case  drain  flows 
and  pressures. 

In  I he  thermal  model  large  masses  have  been  grouped  together  to  sitnpiifv  the 
simulation.  Three  large  masses  are  used,  the  internal  moving  parts,  the  walls  of 
the  pump  around  the  rase  volume,  and  the  pump  wall  at  the  nort  manifold.  The  cal- 
culated variables  are  the  rotating  group  and  case  temperatures,  and  three  fluid 
temperatures;  the  exit  fluid,  the  case  drain  fluid,  and  the  inlet  fluid. 
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T PUMP  51 
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6.51-2 


CARD  NUMBER  2 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-1U 

E10.0 

PUMP  WALLS  MATERIAL  TYPE 

— 

11-20 

E10.0 

ROTATING  GROUP*  MATERIAL  TYPE 

-- 

21-30 

E10.0 

PUMP  PORT  MANIFOLD  MASS  (SURROUNDING  VOL  1&VOL2 

) LBm 

31-aO 

E10.0 

ROTATING  GROUP  MASS* 

LBm 
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PUMP  CASE  MASS 

LBm 

51-60 
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PUMP  INLET  VOLUME 
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E10.0 

PUMP  OUTLET  VOLUME 

IN.3 

71-80 

i— — — j 

El  0.0 



PUMP  CASE  VOLUME 



IN.  5 

* The  rotating  group  consists  of  all  moving  parts,  as  the  pistons,  voice, 
drive  shaft,  etc. 
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CAUL)  NUMBER  3 


COLUMN  j FORMAT  j DATA 


D IMENS  IONS 
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COLUMN 

FORMAT 

DATA 

DIMENSIONS 
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INTERFACE  CONDUCTANCE  BETWEEN  THE  CASE  AND 
THE  ROTATING  GROUP 

WATTS/IN2-°F 
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HEAT  TRANSFER  COEFF.,  INLET  FLUID  TO  MANI- 
FOLD WALLS 
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SURROUNDING  STRUCTURE  TEMPERATURE 

°F 

31-40 
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SURROUNDING  ATMOSPHERIC  TEMPERATURE 
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INITIAL  TEMPERATURE  OF  THE  FLUID 

°F 
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INITIAL  TEMPERATURE  OF  THE  WALLS 
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CARD  NUMBER  5 


COLUMN  FORMAT  DATA 
1-10  E10.0  PUMP  SPEED 


11-20  E10.0  RATED  OUTP 


RATED  OUTPUT  PRESSURE  AT  ZERO  FLOW 


61-70  E10.0  CASE  PRESSURE  AT  RATED  FLOW  AND  PRESSURE 


71-30  j E10.0  | DEPTH  OF  PUMP  CASE 


I DIMENSIONS 

. I 

I RPM 


21-30 

E10.0 

— 

RATED  OUTPUT  PRESSURE  AT  FULL  FLOW 

PSI 

31-40 

om 

MINIMUM  INLET  PRESSURE 

PSI 

41-50 

E10.0 

MAXIMUM  PRESSURE  DIFFERENCE  BETWEEN  PUMP 
CASE  AND  INLET 

PSID 

51-60 

E10.0 



CASE  FLOW  AT  RATED  FLOW  AND  PRESSURE 

CIS 
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6 . 60  RESERVOIRS /HEAT  EXCHANGERS 

There  are  a number  of  types  of  reservoirs  which  need  different  methods 
of  analysis.  Among  these  are,  constant  pressure  reservoir,  bootstrap 
reservoir,  trapped  bootstrap  reservoir  and  reservoir  with  RLS  and  bootstrap. 
The  following  tvpes  are  currently  included  in  the  program: 

Type  //61  Constant  Pressure  Reservoir  (TRSVR61) 

Type  It 62  Bootstrap  Reservoir  (TRSVR62) 

Type  #69  Heat  Exchanger  (THEX69) 
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6. 61  TYPE  //61  CONSTANT  PRESSURE  RESERVOIR 


FIGURE  6.61-1 

TYPE  NO.  61  CONSTANT  PRESSURE  RESERVOIR 


The  Type  »761  cons  - pressure  reservoir  which  is  used  Cor  test  simula- 
tion purposes,  requires  only  the  connection  information  the  reservoir 
pressure,  fluid  and  wall  temperatures.  Any  of  the  four  connections  not  used 
are  blanked  off.  The  temperatures  are  considered  to  be  constant. 
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TRSVR61 
CARD  NUMBER  1 


COLUMN 

FORMAT 
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06-70 
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71-75 
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Component  Number 


Type  Number  = 61 


Number  of  Real  Dat ' Cards  = 1 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (with  sign)  attached  to  Connection  2 


Line  Number  (with  sign)  attached  to  Connection  3 


Line  Number  (with  sign)  attached  to  Connection  4 
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TRSVR(  1 

CARD  NUMBER 
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6 . 62  TYPE  '(62  BOOTSTRAP  RESERVOIR 


TYPE  NO.  62  BOOTSTRAP  RESERVOIR 
FIGURE  6.62-1 


The  Tvoe  If 62  bootstrap  reservoir  is  the  tvpe  used  on  various  aircraft. 

As  many  as  four  low  pressure  connections  can  be  used  plus  the  high  pressure 
connection.  Any  low  pressure  connect  ion (s)  not  required  is  to  be  left  blank. 

-nlt.  reservoir  fluid  temperature,  wall,  and  piston  temperatures  are  the  calculated 

vn  lues . 
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l'RSVR62 
CARD  NUMBER  1 


COLUMN  FORMAT 


61-65 


66-70 


76-80 


Component  Number 


Type  Number  = 62 


Number  of  Real  Data  Cards  = 3 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (with  sign)  attached  to  Connection  2 


Line  Number  (with  sign)  attached  to  Connection  3 


Line  Number  (with  sign)  attached  to  Connection  A 


Line  Number  (with  sign)  attached  to  Connection  5 
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TRSVR62 


CARD  NUMBER 


COLUMN  FORMAT  DATA 


1-10  E10.0  RESERVOIR  MATERIAL  TYPE 


11-20  E10.0  PISTON  MATERIAL  TYPE 


21-30  E10.0  RESERVOIR  MASS 


31-40  E10.0  LOW  PRESSURE  PISTON  AREA 


41-50  E10.0  HIGH  PRESSURE  PISTON  AREA 


51-60  j E10.0  LOW  PRESSURE  VOLUME  (MINIMUM) 


61-70  E10.0  HIGH  PRESSURE  VOLUME  (MAXIMUM) 


INITIAL  PISTON  POSITION 


DIMENSIONS 


EXAMPLE  CARD 
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6.62-3 


CARD  NUMBER  I 


E10.0 


COLUMN  FORMAT  DATA 


1-10  E10.0  PISTON  HEIGHT 


11-20  E10.0  PISTON  THICKNESS 


DIMENSIONS 


SURFACE  AREA  RESERVOIR  WALLS  TO  ATMOSPHERE 


SURFACE  AREA  PISTON  WALL  TO  ATMOSPHERE 


HEAT  TRANSFER  COEFF.  WALLS  TO  ATMOSPHERE 


WATTS/ IN'2-°F 


HEAT  TRANSFER  COEFF.  FLUTD  TO  WALLS  (INSIDE)  WATTS/ IN2-0 


61-70  E10.0  I PISTON  STROKE 


INTERFACE  CONDUCTANCE  - PISTON  TO  WALLS 


WATTS/ IN-0 F 


:■ . . :■  7 c4 U . >:• . • 1 1 

• •»  7 \ 4U  a i\  Ji  tt  7*  :»  »"  n s 7 m£I«  4* 


i*>  s *>t  ■>»  2 


* >«  •>  t(*  7 7/  ?\  J4  f\  M /’  It  H JO  ) H W J*  ' 


(It  » 4'!  4 4/  4 » «4  ti 


0 o o o o;o  o o o o o o o o o»o  o o o o o o o c O'O  o o so  b o o o ojo  o o o o o o o o o;o  fjgo  d o o o o O'O  o o go  o o o o o;o  o o o o o o o o o;o  0 0 I 0 

’ * * \* i i i » » ii  mi  u u]ii  >»  it  ii  n ji  »i  7i ;i :j]ft  :mi  n a i»  w v a }•  ti  » «i  «t  •>  « u iii«  u ti  u « j*  w u vjii  >i  >i  u %•  u i*  it  »,u  i>  u u •»  n i n u ftjii  n ii  ti  ii 

1 I I I 0 i i i I t i 5 ! !•;  J n M ? ! ? !•!  11  I H M » 1*1  I II  1 1 U 1 \\\  \ H I » \ M 1*1  I l 11  I II  1 I'M  11  I II  11  I'M  jn  M 

< i i • j * * I 

? ? ? ? 1>7  ? ? ? 2 2 2 ? m 2 2 2 7 ? 2?  2 2^2  g?  2 2 2 U 7 2'2  ? 2 2 2 ? 2 ? 7 ?'?  ? 2 ? 2 ? 2 ? ? ?'?  2 2 1 2 ? 2 2 2 2'2  2 ? 2 ? ? 2 ? 2 2'2  2 2 2 2 

' i i 1 j i i • 

3 3 3 3 30  3 J 3g  3 3 3 3 3;3  3 jjjp  J J 3 3 3>3  3 J 3 g J 1 J 3 3 13  3 (|  3 ({ 3 J J J 3'g  3 3 3 3 3 3 3 3 3'3  3 g 3 3i3  3 3 3 3;3  3 3 fi  3 3 3 3 J 3 J 3 3 3 jj 

4 4 4 4 4'4  4 4 4 4 4 4 4 4 40  4 4 4 4 4 4 4 4 4>4  4 g 4 4 4 4 4 4 4^4  4 4 4 4 4 4 4 4 4'4  4 4 4 4 4 4 4 4 4;4  4 4 4 4 4 4 4 4 4|4  4 4 4 4 4 4 4 4 4 4 4 4 4 4 

i i |i  ii  I i i.  'J  i i|  • ii  'i  ^ ii  :i  II  .i  iijli  ii  ii  ii  u ii  ;i  ii  ii  njli  ii  it  <1 ' •'  '■  '•  ojii  i'  ii  ii  ii  i ii  >i  ii  iljii  i ‘I  .1  ii  I ii  ii  ii  Hill  1 it  .1  f m I i i i'  I I ill 

b b 5 S SO  5 $ 5 5 $ 5 i 5 b'b  5 S 5 b i ' 5 b b'b  b S S 5 5 b 5 b b'5  5 5 5 5 S b b b 5<5  5 S b 5 5 5 b 5 5'b  5 b b 5 S b b b 5 5 b 5 b b 5 5 S b S'5  b b b 5 

, ‘ i i i ' 1 | 

6 $ 5 6 S'S  6 6g  6 5 5 E £ S'E  6 6 6 $ 6 6 G 6 t'C  6 6 S 6 6 6 6 6 SO  6 6 g6  6 S $ 6 6 Is  6 6 g6  S 6 5 6 60  6 6 6 l 6 6 6 6 G'S  6 6 5 | 6 5 5 6 6'S  6 6 6 6 

| MCOONNELL  AUTOMATION  COMPANY  J J J | 

J > I 1 ? Ill  m I n 1 1 VI  11  1 1 I II  I PI  I I 1 J J I 1 I I')  ! 3 1 I I I I I I'l  1 I I ! I I 1 I )'I  i 1 I I 1 M I 1 >)  I I I M 1 I 1 J'!  I ? II 

1 I 1 I I I I 

9 S I tM  t J J g » J I I ti  l|l  I I I 1 1 M I I J 1 1 I t J I'M  « J jj  J « I t tja  8 8 H J 8 ! E 8|!  8 §1  S ! I 8 8 8jM  8|  8 8 1 8 8 S;8  8 3 3 | 

5 ! 9 9 j|3  J 3 J J J J ) J j|s  S J 3 B JJ  M bit  9 3 1 9 3 3 5 9 9'9  9 9 9 9 3 9 9 S 3H  9 9 9 | 9 9 9 9 9|9  3 ! S 9 ! 5 ! J 9|3  9 ! ‘J  9 9 9 3 J bis  9 9 9 3 

’ i t i ' i i 'i  M ii  mi  u ii  » ii  n n »i  » n i<  ft  ft  i*  ii  a w i u » unn  1 11  n h i*  « «i  *t  • «i  v u u u y v >i  >t  u ,i  vi  ji  k i ,?  w w h ft  v ti  h -?  * '»  •)  '•  ft  ft  ” ’i  *» 


6.62-A 


CARD  NUMBER 


<>  .4  » !§!•/  <•  * 


?o  7 » J)  ?4  R j*  ?f  ;•  ?v  JO  v $'  jjll*  « H )M«  IV  *o  * 


» ««  *4  44  « 4*  «->  V 4 4?  44  44  44  44  4’  «4Mtf  4-  4/  •»'  44 


■ 4 '»  TO  ? 77  7 J 74  »4  ?4  ?r  Jl  Jl  W t »>  >J  '*  J4  >*  V <4  *4  *v  4,  4? 


«*>  4 44  4V  40  4'  4.'  M 44  44  4%  v •_,*  4. 

» 


0 o o o o;o  o o g oio  o o o o>o  o o • o o o o o o>o  o o | o a o o o o>o  o o o o o o o o o;o  o o o e o o o o o;o  o o o o o o o o o,o  o o o oio  o o o o;o  o o o o 

j « v*  i 1 t i ii  i,  j 12  *i  ujii  i mi  mi  u r n ?i  n]n  u n 21  « n 11  u w nj:« ) u 11  <1  «i  o 0 u oiu  11  u n ii  > w m j<  jjJji  y ji  y ti  n 11  it  u iijit  i*  11  0 1 > 1 <1  * ini  it  m 11 

1 I I I !|ll  l I M 1 m •()  } j ! j ] j j 1 !•;  2 • • ] j : ; ; g ; ; ; ; ; ; ; i|;  g | ; j | ; | | i>|  1 1 1 1 1 1 1 1 |;|  1 1 i 1 1 11  | ||i  1 1 | | 

2 7 7 2 2*7  7 2 2 2 2 2 2 7 2't2  2 7 2 2 2 7 2 2 7»2  2 2 7 2 7 7 2 2 2;2  2 .i  2 2 2 2 2 2 7J2  2 1 2 2 2 2 2 7 2;2  7 2 2 2 2 2 2 7 2|2  2 7 2 2 2 2 2 2 7;7  7 7 2 2 

, I I I , ! 

3 3 3 3 30  J 3 3 jj  3 3 3 3 3 »3  3 3 3 g 3 3 3 3 3;3  3 3 3 g 3 3 3 3 3|3  3 3 3 [|  3 3 3 3 3f3  3 3 3 j 3 3 3 3 3 ) 3 3 3 3 3 3 3 3 3;3  3 3 3 3 3 3 3 3 J;3  3 3 3 3 

4 4 4 4 4*4  44444444  4*4  44444444  4 44444444  4 >4  44444444  4*4  44444444  4 44444444  4*4  44444444  4f4  4 4 4 4 

j * j (i  1 1 11 1111 1]  14  uju  11 11  u :i  ?>  » n *i  njn  m ii  it  w ji  jj  jj  ii  <jJh  1 ji  ,1  <1 ««  u u u »>]«i  r m ii  y >1  it  ><  »,‘i  y >1  ji  it  u r u » iti  inn:  ' • \ ’<  1 ■»  i» 

5 : 5 5 5>J  5 5 5 5 5 5 5 5 5;5  5 5 5 i 5 5 , 5|5  b 5 5 5 5 5 5 5 5'5  5 5 g 5 i i 5 5 5«S  5 5 g 5 J 5 5 5 5|5  5 5 5 5 5 5 J 5 S|5  5 5 5 j 5 3 5 b 5;5  5 b 5 5 

I I I 1 I ’ 1 ’ 

b S £•  6 6 ■£  ES66E665  6 'S  E66S65S6  6 '6  66C66666  E<6  666G566E  6 >6  E666S666  6 'S  66666666  6‘6 &6666S66  6 S 6 6 6 6 
; MCDONNELL  AUTOMATION  COMPANY  J J \ I 

1 1 m;i  i!  i it  i iimt!  i m n'litnin  i u'li  m n 1 1 i'iii  h n u i'i  1 1 m m h 1 1 1 1 1 1 1 1 Pin  1 1 

1 . ' ! ' * 1 1 * 

3  8 8 8 8'!  8 I 8 1 8 I 8 ! 8'3  8 8 I g 8 I I 8 8'8  8 I £ g 8 8 8 8 S1!  3 8 8 jj  8 8 8 8 8'8  8 8 I 3 6 8 8 C 8'8  8 8 8 8 8 8 8 8 8'8  8 8 8 8 8 8 8 8 8‘8  8 8 8 8 


* 9 3 3 8,9  J 5 8 !|3  J 9 9 9 ,9  9 9 3 9|9  9 9 3 9*9  3 9 9 518  3 9 9 3,3  8 5 ! S|j  3 J Mil  9 9 3 }|j  ! 9 J 8iS  9 9 3 J|9  J 3 5 9,9  5 9 3 9|9  3 9 9 3,9  9 9 9 9 
» i i i i ii  ii  ij  i]  (i  ti  ii  ii  ii  ii  it  ii  n n y<  it  n v ii  it  * ii  » » ii  » ii  ji  it  ii  ii  « i)  4i  *•  « i ii  u >i  ji  jj  j)  >4  jj  vi  ji  w u u i i?  u i4  i>  ii  j ii  ii  ii  »•  >r  j >4  >,  n - 1 j »* 


6 . 69  I'YPI^  //_6_9  HEAT  EXCHANCKK 

Cooling 


HEAT  EXCHANGER 

GPJ7-006S-2 


The  Tvpe  it 69  heat  exchanger  is  a tvpe  for  manv  basic  uses.  The  inputs  are 
versatile  enough  to  cover  most  simple  heat  exchangers  since  all  surface  areas 
are  input  bv  the  user. 

The  program  computes  the  heat  exchanger  fluid  temperature*,  the  cooling 
liquid  temperature  and  the  pipe  and  wail  temperatures. 


6.69-1 


CARD  NUMBER  1 


COLUMN 

FORMAT 

DATA 

1-5 

15 

Component  Number 

6-10 

15 

Type  Number  ~ 69 

11-15 

15 

Number  of  Real  Data  Cards  = 3 

16-20 

15 

Line  Number  (with  sign)  attached  to  Connection  1 

21-25 

15 

Line  Number  (with  sign)  attached  to  Connection  2 

26-30 

15 

31-35 

15 

36-40 

1.5 

41-45 

15 

46-50 

15 

51-55 

15 

56-60 

15 

61-65 

15 
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15 

15 

76-80 

15 

- - . I 

11  - 1 r 

t « * JO  'i  tt  ?*  ” ?•  >>  fi  ' 


J/  l«  '*  V ««  •/»  ')  1 


> i . 5 » 5 » 


h>  t zt  n i«  ?'  ?*  ;»  »■>  » » »»  *«  ''  n »>  w y<  i 


' * • i * t i *i  «t  i)  i *i  •* J » * i *1  'i  r v Jt  ii  njt  " 7i  m m j»  17  )»  *•  »s,t  * ’i  ’I  (i  i r 11  «i  sjiii  v it  n tij,  >?  m • >iftt  %•  ,i  « ult  t7  u *«  tt,ti  u h tt  J i •?  j » ■ ( • i ’t  it 

I  t l[|  l'l  I I I I I 11  I M I Igl  I I lg  I'l  II  I II  I II  I'l  I I I II  I II  i'l  I I I ill  I I I 1 ' I I II  I I II  1 1*1  I 1 I I I H III  II  11 

I - - I I I 1 1 


2 7 7 7 7'7  7 7 2 7 7 7 7 7 ?i?  7 7 7 7 7 7 7 7 I'?  7 7 7 7 7 7 7 7 7*7  7 2 7 7 2 7 ?'?  7 7 2 2!?  7 2 7 ?'?  7 7 7 7 7 2 7 7 ?'?  7 7 7 7 2 7 7 7 7'7  < 7 7 7 

J | * 1 

3 1 3 3 3 3 3 3 3 3 3 3 3 3 g '3  3 2 3 3 3 3 3 3 30  3 3 3 3 3 3 3 3 3 3 J 3 3 3 3 3 3 J 3*3  3 3 3 3*3  3 3 1 3 3 ’3  J j|j  3 3 3 J:ft  3 3 3!3  1 3 3 3 3 3 3 3 

; ; ; 1 1 , ' ; 

4 4 4 4 4'4  4 4 4 4 4 4 4 4 4>4  4 4 4 4 4 4 4 4 4'4  4 4 4 4 4 4 4 4 4'4  4 4 4 4 4 4 4 4 4M  4 4 4 4U  ! 4 4 4 4 4 4 4 4 4 4 4 I 4'4  4 4 4 4)4  4 4 4 4’4  4 4 I 1 

* * i‘t  I » '!  * >?  *]  *1  • ' % It  /'  *J  it  *1  7'-  *1  7 71  JJ  J{  !'  I*  Jj  w »*Jj*  1)  11  J»  t:  I I*  4 (I  l/lt  4 41  4*  >|  y » >t  ' )l  It  it  . r * M t'. » I »l  tl  4*1  1 » 

5 5 5 5 V5  5 5 5 i 5 5 5 5 5*1  1 5 5 5 5 5 5 5 5'S  5 b 5 5 5 5 5 5 5'S  5 5 5 5 5 J 5 S jij  5 5 5 5 5 b j , 9 S 5 5 5 8 1 5'5  5 i 3 lb  5 b i 51'  '■  5 5 3 

1 ''ii  1 

_ I ' ' . 1 

5 6 6 3 6 6 6 (£  6 6 6 5 $ $'3  5 6 E 6 6 5 5 6 S'G  5 6 6 6 $ 5 6 6 $>«  6 6 6 5 6 5 8 6 E <S  $ 5 6 6 5 6 5 fi  6'C  t t fi  5 8 E 6 5 6 'C  S 5 6 $1$  6 R 5 6'6  8 6 6 6 

! M CDONNELL  AUTOMATION  COMPANY  [ I * 

l < i 7 7 ?{ '7  > 1 ! i 1 j 1 I Vi  ) 1 7 ill  ! ! 1 !■! ; ) ; jn  ) , 1 in  j 1 1 ill  11  1 v • i 1 • : • . • ; 1 Hi  i ) • 11  1 ’ 11  1 1 1 1 in  1 ’ n ; ; 


8 8 J 8 8 '8  J J 4 8 8 £ 8 S 8 '8  S 8 41  1 ! ! M '4  8 J 8 4 i 8 8 8 J '8  8 S 8 J 4 8 6 4 8 '3  8 8 8 3 If.  4 8 8 S 3 ! 8 3 8 IS  8 3 3 ! '8  8 8 8 3 18  8 8 4 ! '8  8 8 8 4 - 


J 9 J 9 3,9  9 3 9 III  9 9 9 9 Is  9 9 9 9 1«  : » 9 S Jg  9 9 3 9 13  9 9 9 9 J9  9 9 9 0 [9  0 9 3 9 !?  9 9 9 9 |i  5 9 S 9 i9  9 9 9 9 19  9 9 9 S ! J 9 3 9 9 b S 9 9 9 i9  9 9 9 9 3 

’ < * ■ ‘ i « ii  1 1;  " 11  » 11 « n i»  w ’j  74  n u r ;»  n ;i  j«  17  n u n » J’  11 11  o «t  i*  n « 4»  « * n m y y,  ti  » » tt  t ti  tt  u n «7  tt  t<  * u n ti  11  «j  » » u * » r J 


6.69-2 


THEX69 

CARD  NUMLLK  2 


COLUMN 

DATA 

DIMENSIONS 

1-10 

E10.0 

MATERIAL  TYPE  OP  THE  HEAT  EXCHANGER 

— 

11-20 

E10.0 

COOLING  LIQUID  TYPE  (NOT  USED) 

21-30 

E10.0 

HEA'I  EXCHANGER  MASS 

Liim 

31-40 

K10.0 

MASS  OF  PTPE  WITH  FINS 

LBm 

41-50 

El  0.0 

EXCHANGER  PIPE  LENGTH  * 

IN. 

51-60 

HI  0.0 


INSIDE  DIAMETER  OF  THE  PTPE  * 

IN. 

61-70 

KIO.O 

EXCHANGER  OVER  ALL  LENGTH 

IN. 

71-80 

i 

E10.0 

VOLUME  OF  THE  COOLING  LIQUID  IN  THE  EXCHANGER 

IN.3 

* If  not  using  a pipe,  just  fluid  paths  (fins),  the  pipe  mass  is  the  path  walls  (fins). 

The  inside  diameter  and  pipe  length  must  be  chosen  so  that  the  total  volume  of  hydraulic 
fluid  in  the  exchanger  is  equivilant  to  a pipe  of  that  length  and  inside  diameter, 

I ry  t<>  keep  inside  diameter  small  and  length  near  to  the  distance  the  fluid  travels  in  the 
EXAMPLE  CARD  exchanger. 
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'f  , 


cJt , 3,9 
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6.69-3 


CARD  NUMBER  2 


COLUMN 

— 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

SURFACE  AREA  WALLS  TO  COOLTNG  LIQUID 

IN.  2 

1 1-  20 

El  0.0 

SURFACE  AREA  WALLS  TO  ATMOSPHERE 

') 

21-30 

E10.0 

SURFACE  AREA  PIPE  OR  FINS  TO  COOLTNG  LIQUID 

IN.2 

31-40 

El  0.0 

HEAT  TRANSFER  COEFF.  WALLS  TO  ATMOSPHERE 

watts/in2-°f 

41-50 

. 

E10.0 

HEAT  TRANSFER  COEFF.  WALLS  TO  COOLING  LIQUID 

watts/in2-°f 

51-60 

El  0.0 

HEAT  TRANSFER  COEFF.  PIPE  TO  COOLING  LIQUID 
‘ 

WATTS/IN2-0 F 

61-70 

E10.0 

MASS  FLOW  RATE  OF  THE  COOLING  LIQUID 

LUm/SEC . 

71-80 

1 

E10.0 

— 

INLET  TEMPERATURE  OF  THE  COOLING  LIQUID  j °F 

I 

EXAMPLE  CARD 
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i 1 . 
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GAUD  NUMBER  4 


COLUMN 

FORMAT 

DMA 

DIMENSIONS 

1-10 

E10.0 

TEMPERATURE  OF  THE  SURROUNDING  STRUCTURE 

°F 

11-20 

E10.0 

TEMPERATURE  OF  THE  SURROUNDING  ATMOSPHERE 

°F 

21-30 

E10.0 

INITIAL  TEMPERATURE  OF  THE  FLUID 

°F 

1 

31-40 

El  0.0 

INITIAL  TEMPERATURE  OF  THE  WALLS 

°F 

41-50 

El  0.0 

INITIAL  TEMPERATURE  OF  THE  COOLING  LIQUID 

°F 

51-60 

El  0.0 

LAMINAR  FLOW  COEFF.  * 

PSI/CTS 

61-70 

E10.0 

NOT  USED 

1 

i 

71-80 

E10.0 

COOLING  LIQUID  PRESSURE  PROP,  INLET  TO  OUTLET 

PST 

! 

* Note:  This  value  is  determined  using  the  relationship 

AP  = LAM*Q 

where  AP  is  the  entrv/exit  pressure  loss  for  M1L-H-5606B  at  100°F. 
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6.70  ACCUMULATORS 


There  are  many  varieties  of  accumulators.  The  three  types  that  are  in 
common  usage  are  free  piston  accumulator,  bladder  accumulator  and  tandem 
piston  accumulator  (F-15  JFS  accumulator).  The  following  type  is  currently 
included  in  the  program: 

Type  //71  Free  Piston  Accumulator  (TACUM71; 

The  accumulator  subroutine  is  setup  based  on  using  dry  nitrogen  gas. 
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6.71  TYPE  il 71  FREE  PISTON  ACCUMULATOR 


Wall 

Thickness 


Accumulator  Mass 

Piston  Mass 


lsior  Em  into  o! 
the  Ai  cumulate'. 


Connection  No.  2 

* 


Connection  No.  1 


FIGURE  6.71-1 

TYPE  NO.  71  FREE  PISTON  ACCUMULATOR 


The  input  data  for  the  Type  117  L accumulator  are  basically  the 
minimum  and  maximum  gas  and  oil  volumes  and  the  precharge  pressure.  The 
gas  and  oil  piston  areas  are  assumed  to  be  equal.  The  accumulator  oil  fluid 
temperature,  gas  temperature,  piston  and  wall  temperatures  are  computed. 


6.71-1 


TACUM71 
CARD  NUMBER  1 


COLUMN 
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TACUM71 

CARD  NUMBER  2 


COLUMN  FORMAT  DATA 


1-10  I E10.0  ACCUMULATOR  MATERIAL  TYP 


11-20  E10.0  GAS  TYPE  (NOT  USED) 


DIMENSIONS 


21-30  E10.0  PISTON  MATERIAL  TYPE 


31-40  E10.0  ACCUMULATOR  MASS 


41-50  E10.0  PISTON  MASS 


51-60  : E10.0  WALL  THICKNESS 


61-70  E10.0  HEAT  TRANSFER  COEF.  OIL  TO  WALL  AND  PTSTON 


WATTS/IN2-0 


E10.0  INSIDE  DIAMETER  OF  THE  ACCUMULATOR 


EXAMPLE  CARD 
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CARD  NUMBER  3 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10. 0 

SURFACE  AREA  ACCUMULATOR  WALLS  TO  ATMOSPHERE 

IN. 2 

11-20 

E10.0 

HEAT  TRANSFER  COEF.  GAS  TO  WALLS 

WATTS/ IN. 2 -°F 

21-30 

E10.0 

HEAT  TRANSFER  COEF.  ATMOSPHERE  TO  WALLS 

WATTS /IN. 2 -°F 

3x  '-0 

E10.0 

INTERFACE  CONDUCTANCE  PISTON  TO  WALLS 

WATTS/ IN. -°F 

41-50 

E10.0 

SURROUND!  .G  STRUCTURE  TEMPERATURE 

°F 

51-60 

E10.0 

SURROUNDING  ATMOSPHERE  TEMPERATURE 

°F 

61-70 

E10.0 

INITIAL  TEMPERATURE  OF  THE  WALLS 

° F 

j 

71-80 

i 

E10.0 

INITIAL  TEMPERATURE  OF  THE  FLUID 



°F 
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6.71-4 


DIMENSIONS 


COLUMN  FORMAT  DATA 


1-10  E10  0 INITIAL  TEMPERATURE  OF  THE  GAS 


11-20  E10.0  PISTON  TO  OIL  AREA 


'.INIMUM  OIL  VOLUME 


31-40  E10.0  MAXIMUM  OIL  VOLUME 


41-50  I E10.0  MINIMUM  GAS  VOI 


51-60  E10.0  PRECHARGE  GAS  PRESSURE  0 i00°F 


61-70  I E10.0  ENTRANCE  AND  EXIT  LOSSES  0 100°F  FOR  M1L-H-56065  PSI/CIS 
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6.80  FILTER 


There  are  numerous  type  filter  elements  and  filter  bodies  to  contain 
them.  Often  the  bodies  have  multiple  functions,  external  and  internal 
connections.  Hence  only  one  filter  has  been  modeled,  general  enough  to  include 
many  simple  filters.  The  following  is  included  in  the  program: 

TYPE  it 81  F-4  TYPE  IN-LINE  FILTER  (TFILT81) 


6.80-1 


6.81  TYPE  #81  F-4  TYPE  fN-LLNE  FILTER 


GPM  0773  6 

FIGURE  6.81-1 

TYPE  NO.  81  F-4  TYPE  IN-LINE  FILTER 


The  Type  #81  F-4  in-line  filters  are  simple  non-bypass  units  using 
standard  cleanable  elements. 

This  particular  type  will  be  used  in  simulation  work  because  it  is 
simple  and  has  no  ancillary  components. 

The  program  computes  the  fiLter  fluid  and  wall  temperatures. 


6.81-1 


TFILT81 
CARD  NUMBER  1 


6.81-2 


OC'  «2?}«8 


TFILT81 

CARD  NUMBER  2 


COLUMN 

FORMAT 

— 

DATA 

DIMENSIONS 

1-10 

E10.0 

FILTER  CASE  MATERIAL  TYPE 

— 

11-20 

E10.0 

FILTER  CASE  MASS 

1.15m 

21-30 

E10.0 

VOLUME  OF  FLUID  INSIDE  FILTER 

IN.3 

31-40 

E10.0 

CROSS  SECTIONAL  AREA  OF  WALLS (INLET  & OUTLET) 

TN. 

41-50 

E10.0 

CROSS  SECTIONAL  AREA  OF  THE  INSIDE  OF  THE  BOWL 

IN.2 

51-60 

E10.0 

SURFACE  AREA  FILTER  CASE  TO  ATMOSPHERE 

IN.2 

61-70 

E10.0 

SURFACE  AREA  FLUID  TO  FILTER  CASE 

IN.2 

BS 

E10.0 

HEAT  TRANSFER  COEFF  ATMOSPHERE  OF  FILTER  CASE 

— 

WATTS / IN2 -°F 

EXAMPLE  CARD 
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I 1 1 1 l'l  I II I 


2 2 2 2 7-2  7 7 2 2 2 7 7 2 7-2  7 2 2 2 7 2 2 2 2-7  2 7 2 7 


33333-3  333! 
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i 
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b . 81-3 


CARD  NUMBER  3 


1 

COLUMN  FORMAT  DATA 


1-10 

E10.0 

11-20 

E10.0 

21-30 

E10.0 

31-40 

E10.0 

41-50 

E10.0 

51-60 

E10.0 

61-70 

E10.0 

71-80 

! 

E10.0 

* Input  for  M I L-H-5606B  at  100' 


EXAMPLE  CARD 
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6. 8 l- A 


6 . 100  ACTUATORS 


The  actuator  models  are  setup  for  a specific  actuator  or  for  a general 
type.  The  general  type  can  be  used  to  simulate  actuators  by  using  the 
appropriate  input  data,  if  the  general  configuration  is  close  enough  to 
be  acceptable.  The  following  types  are  currer  v available. 

Type  // 101  Valve  Controlled  Actuator  (TACT101) 

Type  // 102  Utility  Actuator  (TACT102) 

Note:  Zero  stroke  (noLed  in  the  input  data)  is  defined  as  the  piston 

position  when  actuator  is  fully  retracted. 


6. 100- ] 


6 . 1 ° 1 TYPE  If  J01  VALVE  CONTROl.I .ED  ACTUATOR 


TYPE  NO.  101  VALVE  CONTROLLED  ACTUATOR 

The  valve  controlled  actuator  is  an  actuator  with  an  integral  valve  that  is 
typical  ol  servoactuators . One  line  is  connoted  to  pressure  port  and  one  line 
is  connected  to  return  port . Actuator  designs  that  can  be  used  are  as  follows: 
o Balanced  actuator 
o Unbalanced  actuator 
o Partially  balanced  actuator 

o Parallel  balanced  or  unbalanced  actuator  (provided  .ill  piston 
rods  react  a common  load). 

Three  wall  temperatures,  four  fluid,  and  one  piston  temperatures  are 
oa leu  la  Led . 


(> . 1 0 1 - 1 


CARD  NUMBER  1 


COLUMN 

FORMAT 

DATA 

RHI 

15 

Component  Number 

6-10 

15 

Type  Number  = 10 1 

11-15 

15 

Number  of  Real  Data  Cards  = / or  more 

16-20 

15 

Line  Number  (with  sign)  attached  to  Connection  1 

21-25 

15 

Line  Number  (with  sign)  attached  to  Connection  2 

26-30 

15 

31-35 

15 

36-40 

15 

41-45 

15 

46-50 

15 

51-55 

15 

56-60 

15 

61-65 

15 

66-70 

15 

71-75 

15 

76-60 

15 

EXAMPLE  CARD 


•>  to  7 n f*  ig  t*  *t  *<i  n jo  \ >?  » »•  w u.  v>  »♦ « 


o»*  >'  «•  ■ 


s'* 


t o *4  o ^ >a  't  '•>  r 


*?  t\  *•  is  A />  79  ?*  v>  *•  >7  '»  <<  <■>  w 


o o o o o;o  o o go  o o o o O'O  e o o o 


i > 1 1 i ) t 

1 1 n i'i  i a i s 

i m a 

2 2 2 2 ?;?  ? n 2 

3333303333 

4 4 4 1 4-4  4 4 4 4 

i i 1 1 1 iii 

5 5 i b i|5  5 5 5 S 

SS866'66G66 

« 

I  m i;n  1 1 i 

i 

nimmt 


I I]  -I  is J'l  " tl  'I  It 

1 I I I I'i  II  1 1 

J 

2 2 2 2 2-2  2 2 2 2 

I 

3333303333 

i 

' 

4 4 4 4 4 -4  4 4 4 4 

I ) 'I  ’S  | I Ml  It  I. 

5 5 5 5 5'5  $ 5 5 i! 


OOOOg’OODOS 

I-  II  I!  •!  ')Ji  m i*  n u 

I I I g I'I  1 I I I 
22222-72222 

I 

33333-33333 
44444 14  4444 

• •!  'I  ij.’l  -i  It  -t  II 

5 5 5 5 V5  5 <1  b| 


e 6 e 6 S>b  G 6 S els  E G 6 6<S  C 6 E G 


9000  o<o  o o o n 

[I-  II  )-  X )!,')(  - It  It  -I 

i i i m;i  i i i l 

7 2 2 2 2-7  2 2 2 2 

I 

3333303333 

I 

4 4 4 4 4-4  4 4 4 4 

• ,1  . !•  I)j  t - It  It  II 

5 S 5 i S'5  5 5 5 J 


00050  |Q  000  f 

I-  «I  It  li  i Si II  >’  it  It  -* 

i i i mJi  m ii 
7 7 7 2 2-2  7 7 .2 

I 

3  3 3 3 3*3  3 3 3 3 

i 
i 


o o o o 9'Q  o o o oio  o n o o;o  0 0 0 0 0 0 0 o o;o  0 0 0 0 


• i ‘.3  V 'b^l  1 SI  1 it' 

I II  ! H I ! ! I1 


I t-  I.  II  It  It  t It  it  'I 

II  I I I'I  1 1 1 11 


2 2 2 7 2 7 ? 7 2 7|2  7 7 2 2-7  2 7 2 2 

3 3 3 3 i's  3 3 1 30  3 3 3 30  3 3 3 3 


444444444  4;<  444444444 

1’  , M -ij  l ’ 1 ilj  ‘ t tl  VI  t it  it 

5 5 J 5 5i5  5 5 5 5R  5 b 5 i'i  5 S 5 i 3 5 5 5 i'5  5 i 5 5 


I 4 4 4 4-4  4 4 4 4 

, i 

4 I’  It  II  l|,n  4 It  II  j 


I 


If  E 6 G G<6  G 6 S El8  S E 6 GiG  GEE  S 6 b G G G '6  6 G 6 G 


MCOONNELL  AUTOMATION  COMPANY 


1 I 1 1 S'l  W I I 

— i 
I 

18  8 8 1 3-8  8 1 8 1 
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6.101-2 


<10 


CARD  NUMBER  2 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

ACTUATOR  MATERIAL  TYPE 

— 

11-20 

E10.0 

PISTON  MATERIAL  TYPE 

— 

21-30 

E10.0 

VALVE  MATERIAL  TYPE 

— 

31-40 

E10.0 

ACTUATOR  MASS 

LBm 

41-50 

E10.0 

VALVE  MASS 

LBm 

51-60 

El  0.0 

SURFACE  AREA  PISTON  TO  VOLUME  ONE 

IN.2 

61-70 

E10.0 

SURFACE  AREA  PISTON  TO  VOLUME  TWO 

IN.2 

71-80 

i 

E10.0 

INTERNAL  VOLUME  OF  THE  VALVE 
— 

IN.2 

EXAMPLE  CARD 
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6.101-3 


CARD  NUMBER  3 


COLUMN 

— 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

DISTANCE  FROM  INLET  TC  VOLUME  ONE 

IN. 

11-20 

E10.0 

DISTANCE  FROM  EXIT  TO  VOLUME  TWO 

IN. 

21-30 

E10.0 

DISTANCE  FROM  INLET  TO  VOLUME  TWO 

TN. 

31-40 

E10.0 

PISTON  WALL  THICKNESS 

IN. 

41-50 

E10.0 

PISTON  HEIGHT 

IN. 

O 

l 

iT' 

El  0.0 

EXTERNAL  SURFACE  AREA  OF  THE  ACTUATOR 

IN.2 

61-70 

El  0.0 

CONTACT  AREA,  VALVE  TO  ACTUATOR 

IN.2 

71-jU 

i 

El  0.0 

EXTERNAL  SURFACE  AREA  OF  THE  VALVE 

2 

in/ 

EXAMPLE  CARD 
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6.101 -A 


CARD  NUMBER  4 


COLUMN 

FORMAT 

DATA 

1-10 

E10.0 

INTERNAL  SURFACE  AREA  OF  THE  VALVE 

11-20 

E10.0 

INTERNAL  SURFACE  AREA  OF  ACTUATOR  WALLS  TO 
FT.IITD 

21-30 

E’0.0 

INTERFACE  CONDUCTANCE,  VALVE  TO  ACTUATOR 

31-40 

E10.0 

HEAT  TRANSFER  COEFFICIENT,  FLUID  ONE  TO  PISTO 

41-50 

E10.0 

HEAT  TRANSFER  COEFFICIENT,  VALVE  TO  ATMCSPHER 

51-60 

El  0.0 

SURROUNDING  STRUCTURE  TEMPERATURE 

61-70 

E10.0 

SURROUNDING  ATMOSPHERIC  TEMPERATURE 

/1-30 

E10.0 



INITIAL  TEMPERA fURF.  OF  THE  FLUID 

DIMENSIONS 


IN.2 


IN.2 


WATTS /IN. 2 -°F 


WATTS /IN2-0 


xx, 2 


EXAMPLE  CARD 
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6.101-5 


CARD  NUMBER  5 


COLUMN 

FORMAT 

DATA 

1-10 

E10.0 

INITIAL  TEMPERATURE  OF  THE  WALLS 

11-20 

E10.0 

PERCENTAGE  HEAT  ADDED  TO  FLUID  DUE  TO  AP 

21-30 

E10.0 

INITIAL  ACTUATOR  POSITION 

31-40 

E10.0 

STROKE  WITH  ACTUATOR  FULLY  RETRACTED 

41-50 

E10.0 

STROKE  WITH  ACTUATOR  FULLY  EXTENDED 

51-60 

El  0.0 

COMPRESSIVE  LOAD  WITH  ACTUATOR  FULLY  RETRACT 

61-70 

E10.0 

COMPRESSIVE  LOAD  WITH  ACTUATOR  FULLY  EXTENDE 

71-80 

1 

E10.0 
l 

STATIC  SEAL  FRICTION 

DIMENSIONS 


F 


EXAMPLE  CARD 
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6.101-6 


CARD  NUMBER  6 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

SLOT  WIDTH  VOL  111  TO  CON  It  1 (WHEN  XV*  IS 
POSITIVE) 

IN 

11-20 

E10.0 

SLOT  WIDTH  VOL  It  1 TO  CON  It 2 (WHEN  XV  IS 
NEGATIVE) 

IN 

21-30 

E10.0 

SLOT  WIDTH  VOL  It 2 TO  CON  It  1 (WHEN  XV  IS 
NEGATIVE) 

IN 

31-40 

E10.0 

SLOT  WIDTH  VOL  If 2 TO  CON  It 2 (WHEN  XV  IS 
POSITIVE) 

IN 

41-50 

E10.0 

51-60 

F.10.0 

61-70 

E10.0 

1 71-80 

E10.0 

i 

l 

* Note:  XV  is  vale  position. 


EXAMPLE  CARD 
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1 ] 1 , 1 1 1 1 1 1 11 11  it  i)  11  >)|  1 II 11  it  n ii  11 11 » jijn  11 11  n » 11  11  n u njii  I'  11 11 M I'  11 11 11 ni«  11  ii  11 x I'  i!  >1 « »'’i  i*  '•  >'  " •' 11  '• l>  >' 11 11  " ;l  " " '•  '•  " '•  " 
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‘ 1 1 ' • \ , 

2 7 2 2 2*2  22222222  Ji2  22122722  2*2  I22I2772  7j2  2I2I222I  IJ7  J1277722  ?'_?  7722222?  2|?  2?????2?  ? 2 2 2 


3 3 3 3 30  > 3 UBt  3 3 3 3 3-3  3 3 §§  J 3 3 3 30  3 3 If  3 3 3 3 3;3  3 3 BiJ  3 3 3 3 3J3  3 3 3 3 3 3 3 3 3;3  3 1 3 3|3  3 3 3 3;3  3 3 3 3 3 3 3 J 3;3  J 3 3 3 

<444  4*4  44444444  4*4  44444444  4 >4  44444444  4<4  44444444  4<t  44444444  4 '4  44444444  4U  14444444  4|4  1414 

I ; ) | ) l|  t i t l|  II  It  I)  II  lljll  II  II  II  II  |i  !l  II  II  »|:i  ii  ii  n * II  ii  » x il[«  n II  II  II  I'  II  II  II  lljll  « 'I  'I  x >i  H ii  'i  >V*  " >'  >'  M > >’ 11 1'  "i11 ' M •> 11  ’ " 11  ’V'  ’ '■  ’’  " 

5 5 $ 5 5*5  5 S 5 5 S S 5 5 S|b  5 5 5 5 5 5 b 5 5JJ  b 5 5 J b i 5 5 5|S  i 5 5 5 5 5 i 5 bjb  5 5 5 J > b b 5 bJ5  5 b b 5 b 5 b 5 5|5  5 5 5 5 b b b b bjb  b $ 5 b 

8 6 6 6 6'6  6 6 6 6 6 6 8 6 6'6  6 6 6 6 6 6 6 6 6'6  6 6 S 6 6 6 6 8 616  $ 6 $ 6 6 6 6 S 616  6 6 6 6 6 6 5 6 6[6  6 6 6 6 6 6 6 6 6j6  6 6 6 6,6  6 6 6 6j6  B 6 6 6 
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II  11  1’)  II  1)  1 1 1 1 7 ■;  J 1 1 1 11  1 ) 1*1  1 I I ) II  1 1 1J!  ! I ! ) 1 1 I ) PI  N 11  II  > J 1 1 1 1 1 I H > ! 1 Ij>  I 1 1 I 1 M I I|1  I I 1 1 

t ! It  t'l  I 111  ! 18  8 l'8  Mgl  I I 4 I |!|  I B SI  • * *1  I'M  IgM  I ISM  » III  6 J ! £ 8 M I I 8 8 8 8 8 8;8  8 8 8 8 ;8  3 8 8 H i 8 8 S 

9 9 ! 9 t'.i  » J J ! I J J J si)  J 1 1 M I IS  Sil  9 J * J 5 9 9 9 M 9 9 9 9|9  9 9 9 9*3  9 3 9 9 9 9 9 9 9|9  9 9 9 9 J ! S 9 s',9  ) S 'J  9|S  9 9 9 3iJ  9 9 9 9 

, , , , , i , i ii  it  ii  ii  H » ii  ii  ii  ii  i»  ii  n n m n . H * n * n ii  n ii  » i>  » it  <•  •'  « « '■  '■  « « ''  •'  x »'  >'  >i  n " « >'  x x h r « u w n n n ii  ii  n i '■  i " •'  i 'I  w 


6.101-7 


CARD  NUMBER 


COLUMN  FORMAT!  DATA 


DIMENSIONS 


1-10  E10.0  FIRST  TIME  VALUE  AT  TTME  T = 0.0 


11-20  E10.0  I (ENTER  AS  MANY  TIME  VALUES 


21-JO 


AS  REQUIRED  USING  AS  MANY  COLUMNS 
AND  CARDS  AS  NECESSARY 


31-40 


E10.0 


FINAL  TIME  SHOULD  BE  FINAL 


41-50  E10.0  CALCULATION  TIME) 


51-60  | E10.0 


61-70  E10.0 


71-80  I E10.0 


EXAMPLE  CARD 


l I)  14  •*>  §1/  l|  l»  JO  7’  77  7\  7*  g Jfc  tt  ?•  K-  \>  M 9>~4  D H D M « 40  4.  4g«*  44  It  4f  4«  •'  V ->  *«  M >4  M 


1 1 -*  fs>  7.  77  Ji  J4  J*  . * i9  ;>  30  »■  >»  S\  ' 4 J*, 


0 o o o o;o  o o s o o o o o o<o  c o o o o o o o o>o  o m o ii  o o o on)  o o o (i  o o o o o;o  o o | p c c o o o o o o o 3lo  o o o 0,0  o o (i  o o o o o o;o  0 0 0 0 

: ) i in  1 ! t it  ii  i!  u ii  dJii  it  ii  ii  ii  ii  ii  ii  :i  njn  ii  n n » ii  ii  i>  » iijti  i u ii  n n n n h iiiii  n u ii  n i>  >:  i ■■  >,-i  ' it  ii  till  r < ii,h  > n ii  i ' ” 'i  '<  im  ' 'i  n « 

1 I I I ill  I I I I I I I ' I'l  I I I I I I I I M I H 11  II  I I I'l  II  I I II  I I l!l  I I I I I I I I I1 I I I I I I I M I I I I I I I 1 I I I'l  I I I I 

i , i = i [ ' j J 

2 7 2 2 2V  7 2 7 2 2 2 2 2 2<7  7 2 2 2 7 7 7 2 Z;7  2 7 2 2 2 2 2 7 7;2  7 1 7 7 7 1 2 7 Z;2  2 2 2 2 2 ? 7 2 2;7  7 2 7 7 7 2 2 2 ?;?  2 7 2 2 7 2 2 7 VI  2 2 2 7 

3 3 3 3 3J3  3 3 3 J 3 3 3 3 3>3  3 3 3 g 3 3 3 3 3;3  3 3 3 § 3 J 3 3 3*3  3 3 3 g 3 3 3 3 3|3  3 3 3 g J 3 3 3 3;3  3 3 3 3 3 3 3 3 3D  3 3 1 V3  3 3 3 J;3  3 3 3 3 

4 4 4 4 4U  4 4 4 4 4 4 4 4 4U  4 4 4 4 4 4 4 4 4i4  4 4 4 4 4 4 4 4 4^4  4 4 * 4 4 4 4 4 4^  4 B 4 4 4 4 4 4 4;4  4 4 4 4 4 4 4 4 4|4  4 4 I 4 4 4 I 4 4 4 4 4 I 4 

i I I i ijl  I I ii  i >|  i]  ii  -5*i*  i*  ii  i|  ii  |>  ii  n u rt[?t » ii  ii  u i.  ii  it  ii  i»j:i  :r  ii  ii  ii  ii  ii  ii  it  t.Jii  i'  ii  ii  it  ii ..  ii  -i  'l  i ,i  >i  .1  i,  i’  i ii  ti,ii  i i ii  I " * *i  i i'll  ’i  I t ii 

5 5 5 5 5'5  5 5 5 5 5 5 5 5 5'5  5 5 5 5 5 5 5 5 5'i  5 5 S 5 5 5 5 i S'5  5 5 J 5 5 5 5 5 5*5  5 5 5 5 5 5 5 5 5 i 5 5 5 5 5 5 5 5 5'5  5 5 5 5 5 5 5 5 S‘5  5 5 5 5 

■ i i i i ' i ' 

i i i i i ' ' i 

6 6 6 6 6'6  6 6 5 6 6 6 6 6 6'S  6 6 6 6 6 6 6 6 6'6  6 $ 6 6 6 6 6 6 616  6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6;$  6 6 6 6 6 5 6 6 6 6 6 6 6 6 6 6 6 G 5'6  6 6 6 6 
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8 It  5 I'l  I!  I 5 j 8 8 I J'9  I I I « ! I I I M I I £ * I I t i I'l  II  S 9 3 3 1 I S'J  I 6 ( -8  8 * 6 8 ’8  M 8 I 8 6 8 8 8 'I  J 8 8 8 8 8 8 6 8 ‘8  8 6 8 8 

i - , “ e“i"iBi  i i 

9 9 9 9 9 [9  9 9 9 9 9 9 9 9 9 ^9  9 9 1 9 9 9 9 9 9 19  9 9 J 9 9 9 9 9 9 0 9 3 9 9 9 9 9 9 9 ;9  9 9 9 9 9 9 9 9 9 19  3 9 9 9 9 ! 9 9 9 ^9  J ! 9 9 9 9 9 9 9 iJ  9 9 9 9 

1 * i » s 1 1 1 11 11  1}  1)  N 1)  if  ij  i«  11  ft  i*  -j  a it  n :i  v n n * j<  j;  » u ij  ii  * »i  H *»  n «f  o n ••  »>  n « w v : i » ><  '>  m tnm  u i *l  -i  k t'  u u H tn  ' * *j  »*  m n •*  »» »j m 


6.101-8 


CARD  NUMBER  8 


EXAMPLE  CARD 


DIMENSIONS 


IN. 


/ i •*  •>  p t 1 1 2 ? I' 


Vi  \ !<’  jjjj*  11  H O M *' 


11  M “ H 1 •*  *■  • •»  ' •/  ulM 


*«  ■*  ir<  I 1/  71  H J1  « M M » JO  « \f  »>  »«  IS  V,  »*  " Yt  • * 


0 o o o g;o  o o g o o o o o 0*0  0 0 1 0 3 0 0 0 o>o  0 0 « 0 0 0 0 0 o<o  0 0 g a 0 0 0 0 o;o  0 0 2 0 0 0 0 0 o;o  0 1 0 0 0 0 0 0 c,o  0 0 a 0 3 0 0 0 o;o  0 0 0 0 

1 ) l IK  ' I 1 It  l'  'i  ) .1  »tjt|  '*  H 21  Ii  II  n II  u[:i  H II  It  N 11  M }\  Ji  i>|jl  J II  I!  11  !•  11  n u Dili  if  II  l|  'I  1 > ,1  > I )t  II  I 11  II  II  t>«fl  I I*  It  I 11  ’ 'J  » VI  " rl  'I  II 

1 I I I 1*1  I I I I I I I 1 111  M II  I U I I'M  I I I I 11  M'l  I I I I 1 I M l!l  It  l I I I 1 M M II  I ! II  ! I'll  M 1 I U Mil  I 1 11 

■ « i 1 J • ' J 

2 2 2 2 2'2  2 J 2 ? ? 2 2 2 2i2  2 2 2 ? 7 ? 22  l!m  ? 7 2 7 7 2 2 2 2 : 2 2 2 H'7  ? 2 ? ? 2?  ? 2 2'?  2 ? 2 2 2 2 ? ? ?•?  ? ? 7 * 7 2 2 ??'?  ? ? 2 2 

• i i • • i » ' 

3 3 3 1 3;3  3 3 3 2 3 3 3 3 3|3  3 3 3 ||  3 3 3 3 30  3 jlg  3 3 3 3 30  3 3 3 J 3 3 1 3 3j3  3 3 3 5 3 3 3 3 3;3  3 3 3 3 3 3 3 3 3;3  3 3 3 3I3  3 3 J J;3  3 3 3 3 

4 4 4 4 4*4  44444444  4*4  44414444  *'<  44444444  4*4  44*44444  4i4  44444444  4J4  44444444  *|l  41  I4II44  4*»  4 4 4 4 

i i j i 1 1 1 i i it  n 'in  ti  njii  ii  ii  ii  •• . n ii  i,|*i  n ii  .i  m i r n m m[h  i ji  ji  ii » i*  o ii  oJ«t  ii  u it  ii  y »i  ii  i . , i ‘ i 'i  »t  ♦'  r » u ivi  *'  »»  » i 1 i i i i i h 

5 5 S 5 5'S  5 S 5 5 5 5 5 5 S'$  5 5 b 5 b b 5 S S'S  b b S b b b 5 5 b'S  S b 5 b S b b 5 S'S  b 5 5 b b 5 5 b b'b  S b b b b 5 S b j'j  5 b b 5 5 5 5 5 b!S  b b S S 

4 1 I I I 1 * 

| I I I I 11 

6 5 S 6 G'S  6 8 6 6 6 6 6 6 6 >8  8 6 8 6 5 5 6 6 6 6 6 6 6 6 6 6 8 6 S>6  6 S 6 6 S 6 5 8 6i$  6 S 6 6 6 6 5 6 6|6  6 6 6 S 5 6 6 5 6|5  6 b S 6 6 6 S 6 6J5  5 b 6 6 
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I ° | • I 1 I 1 

8 J 9 8 9 J9  3 5 3 J 9 3 9 9 M 9 S 3 8 9 3 9 9 9 ^9  9 S 3 S 9 5 9 9 9 !&  9 9 3 8 8 9 5 8 SiS  9 S 8 3 9 3 9 9 M 9 9 9 3 9 3 5 9 30  9 3 J 9 9 9 9 9 Ji9  9 9 9 9 
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6.101-9 


6.102  TYPE  #102  UTILITY  ACTUATOR 


FIGURE  6.102-1 

TYPE  NO.  102  UTILITY  ACTUATOR 


This  is  a simple  utility  type  actuator  with  a line  connected  to  the 
extend  port  and  a line  connected  to  the  retract  port.  Actuator  designs  that 
can  be  used  are  as  follows: 
o Balanced  actuator 
o Unbalanced  actuator 
o Partially  balanced  actuator 

o Parallel  balanced  or  unbalanced  actuator  (provided  piston  rods 
react  a common  load). 

The  actuator  fluid,  piston  and  wall  temperatures  are  computed. 


6.102-1 


TACT102 
CARD  NUMBER  1 


COLUMN 

FORMAT 

J-5 

15 

6-10 

15 

11-15 

1 5 

16-20 

15 

21-25 

15 

26-30 

15 

31-35 

15 

36-40 

15 

41-45 

15 

46-50 

15 

51-55 

15 

56-60 

15 

61-65 

15 

66-70 

15 

71-75 

15 

76-80 

15 

Component  Number 


Type  Number  = 102 


Number  of  Real  Data  Cards  = > 


Line  Number  (with  sign)  attached  to  Connection  1 


Line  Number  (witt)  sign)  attached  to  Connection  2 


EXAMPLE  CARD 


6. 102—' 


COLUMN 

FORMAT 

DATA 

1-10 

E10.0 

II 1 VOLUME  AT  ZERO  STROKE 

11-20 

E10.0 

II 2 VOLUME  AT  ZERO  STROKE 

21-30 

E10.0 

in  PISTON  AREA  (EXTENDED) 

31-40 

E10.0 

112  PISTON  AREA  (RETRACTED) 

41-50 

E10.0 

ACTUATOR  MATERIAL  TYPE 

51-60 

F.10.0 

PISTON  MATERIAL  TYPE 

61-70 

E10.0 

■\CTUATOR  MASS 

no 

E10.0 



ACTUATOR  WALL  THICKNESS 

L 

DIMLNSIONS 


...  '5 


EXAMPLE  CARD 


lb , 


. 0"1  i 
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1 I I 1 l)f  I I S I I I I I Ijt  g I I I 1 I I I I|1  I I I I I I I I l|l  II  I I 1 i i 1 i|i  i ! i i I : ! I lj!  ! ! ! ! ! ! 1 t 'j!  M I I I I I I l|l  I l I ji 

? J 2 J VI  11  1 1 n 1 1 i'l  I 1 1 2 i 2 2 2 7!?  ?E  1 2 7 2 JJ  7 i 2 1 ? 1 J 2 2'2  27  2 2 2 2 2 2 2'2  2 2 2 2 2 2 2 2 2'2  2 2 ?i  2 2 1 2 2'2  1 2 2 2 

1 • 1 ■ > 1 1 

3 3 3 3 JO  1)  3 « 3 3 3 3 3 ;3  3 3 3 “ 3 3 3 3 3;3  J3  3 g 3 3 3 3 1;J  3 1 3 11 3 J J 3 3J3  13  3 g 3 ]J  J 3;3  3 3 ijl  3 3 3 3;3  3 3 3 3 3 g 3 3 3;3  fi  3 3 . 

4 4 4 4 4>4  4 4 4 4 4 4 4 4 4U  4 4 4 4 4 4 4 4 4‘4  4 4 4 4 4 4 4 4 4>4  4 4 4 4 9 4 4 4 4H  4 4 4 4 4 4 4 4 4'4  4 i 4 4 4 4 4 4 4'4  4 4 . 4 I 4 4 4 4 4 4 4 4 4 

1 i 1 t[i  1 1 11  . 1?  ii  ii  ttjti  11 11  n h 11  it  h'ii  11  ii  ’i  u 1 ii  11  v ii|n  it  11  '1 t:  ■ 1*  11 11  i>|ii  1 11 11  ,i  i'  H H n ,>\u ) 1 ji  11 1, 1 11  u n,ii  i 11  ii  4 1 h h'  i 1 1 11 

5 5 S 5 S'5  5 S S S S 5 S 5 S;5  S S 5 S S S S S 5'S  S S S S S S S 5 i'5  5 S ' i 5 S 5 S US  5 5 S S i S S S S'5  S 5 5 5 5 ii  S S't  S S S 5*S  S * 5 53  SS5  5 

1 1 ' 1 e ' ' ' ! 

6 6 6 6 6*6  6 6 6 6 6 6 6 S 6'6  6 5 ( t t ( 5 8 E'S  0 6 $ E t 6 6 S Sir.  6 6 5 6 6 6 6 S 63  £ 6 S 6 6 6 6 S 6'6  6 6 6 6 6 [ 5 6 S'S  6 6 6 63  6 6 S 6'6  5 6 6 6 
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' > I I 1 I 4 I f'  ^ 

! I 8 8 8 -8  8 I 8 1 8 8 I I I'll!  til  I I I i>»  I I Is  I I I 8 I'l  8 I l|!  I 8 t I IH  t t iS  I I 8 I I'l  J 8 8 1 8 I 8 8 8>8  8 ! ! 8 3 1 8 8 8 <8  i 8 8 3 “ « 

* I 1 1 I • I ‘ * 

J ! n 9 8 8 8 5 3 9 1 9 3 l|j  9«“  ijs  J 3 $ jJj  8 J 3 ! 9 5 3 9 j)s  3 9 3 9 9 9 9 9 1 !?  9 ?i  9 9 3 9 9 lilt  I*  J J 9 9 9 j',9  J 5 9 9 3 9 9 9 9 't9  9 9 9 9 * 

■ f i I > i ■ 1 i 11  I'M*  > n 11  >Mt  n n ji  » n * n ff  iim  n » » mi  u » n 1 ,1  )*  it  it  1? «}  <«  o « <>  » u * n » » m » 4 w n n w h v ii  ««  u u v u « 11 «>  >j  n * , 1 1 j ? 


i 

I 

I 


CARD  NUMBER  I 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

EiL.O 

SURFACE  AREA  FLUID  to  ACTUATOR  ( NOT 
INCLUDING  PISTON  A'M’.A) 

IN.2 

11-20 

L10.0 

PISTON  HEIGHT 

IN. 

21-30 

EJO.O 

PISTON  • IICKNESS 

1 

IN. 

31-40 

E10.0 

PISTON  RO  'AMETXR 

IN. 

41-50 

E10.0 

SURFACE  AREA  ACTUATOR  CASE  TO  ATMOSPHERE 

> 

IN.- 

51-60 

El  0.0 

HEAT  TRANSFER  COEFF  ACTUA’I  R TO  ATMOSPHERE 

WAITS  / IN. 2 -°F 

61-70 

K10.0 

HEAT  TRANSFER  COEFF  FLUID  LISTON 

i 

WAT'l  S / IN . 2-°F  1 

71-80 



El  0.0 

SURROUNDING  STRUCTURE  TEMFi.h  MTRI 

0 1" 

EXAMPLE  CARD 


4 s . 1 

. . .1 a. 


^ n . / 


1 . 
E 


,5  5 4 '> . , ,'"c 

t«  1>  t»  »»  •!  II  . | «|om  I’  11  .§(  « ' * > ‘ 


0009  010  00=0 

• . iii 


i i ? i ?•?  ?B  ? ? 

3 3 3 3 3 3 3 3 3jj 

4 4 4 4 4 |||  4 4 4 

: i ' i I ii 

5 5 5 5 1*S  5 5 3 ijb  5 5 5 b;b  5 5 5 5 


000000G000 

: i)  i njii  ■!  i hi 

I ! ! ) i.|  i ; i 5 

inn':  nil 

3 3 3 3 3;3  3gg  3 

4 4 4 4 414  4 4 4 4 

II  ’i  '1  .<  i!n  ’ 11  1 :i 


6666666666 

n n vi  11 1 1 


i) 


* •»  ?r>  ? ?J  M ?»  » H ' /I  .»*  >C  * 9'  »«  '9  '♦  S’  '* 

0 0 0 0 0|0  0 0 0 0 0 6 0 0 0]0  0 0 0 olo  0 0 0 o;o  0 5 5 0 

7 r it  tiJii  •*  71  ’i  11 11  11  n j ]i 1 1 » 1 1 h i 11  11  u Hilt  n h n 1 

1 1 1 j j 1 1 j j 3 j | | 1 j • 1 1 1 1 i j ! 


nn  hi  nn 


4 4 4 4 4<4  4 4 4 4 

|||  I J 'I  Jl[ll  11  71  71  II 

5 ' 5 5 b‘5  5 5 5 b 


mm : 111 


3 3 3 3 3.3  3 3 3 g 3 3 3 3 3 1 )|  3 
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!l  I 18  8*8  « 83  I 3 8 8 8 8^  M li>8  I 8 8 8^1  8 8 8 8 
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CARD  NUMBER  4 


COLUMN 

FORMAT 

DATA 

DIMENSIONS 

1-10 

E10.0 

SURROUNDING  ATMOSPHERE  TEMPERATURE 

°F 

11-20 

E10.0 

INITIAL  TEMPERATURE  OF  THE  FLUID 

°F 

o 

l 

r-H 

CN1 

E10.0 

INITIAL  TEMPERATURE  OF  THE  CASE 

°F 

31-40 

E10.0 

STROKE  AT  MINIMUM  POSITION  (-VE  OR  ZERO) 

IN. 

41-50 

E10.0 

STROKE  AT  MAXIMUM  POSITION  (+VE  OR  ZERO) 

TN. 

j 

51-60 

El  0.0 

SEAL  FRICTION 

LBf 

61-70 

E10.0 

LOAD  AT  MIN.  STROKE  (RETRACTED) 

LB. 

m 

E10.0 

LOAD  AT  MAX.  STROKE  (EXTENDED) 



LB. 



EXAMPLE  CARD 


CARD  NUMBER  5 


EXAMPLE  CARD 


. . . 6 . 


» ».’  l>  >\  ;*  /(  tt  ;«  7*  v 37  )«  »s  h w ■« 


* *.  t *,’*.»*. 


» . ■*  4 •• 

0 0 0 0 0,0  ogo  0[3  0 0 0 M 8 0 0 0 

’ > )|  i t ii  it  ii] 

MINIMI 


H 11  I'll  I g I I 

2 2 2 2 27  2 2 2 2 2 

3 3 3 3 30  [j  3 3 3 3 
I II  II1!  II  II 

i ,[i  i 1 ( 

5 5 5 5 5;5  5 5 5 5 5 
GEGSC66ESES 

I 

m mil  m j 

i 

8 J 8 ! Hi  I g BiS 


1 70  7 '?  »«  J*.  / .*  .*  » 

COOS  0>0  0 0 0 0 

Ii  ’1  I 11  Il'll  II  II  II  M 

I I I I I'l  I i I I 


|s  o o o 0|C  o o o n 

1'  H lllli  II  II  I! 


222222222 
3 3 ’ 30  3 3 3 3 
111(31111 

’ ’I  / I I 'I  I n] 

555505555 

i 


2 2 2 2 2'2  2 2 2 2 
i 

3 3 3 3 3-3  3 3 3 3 

i 

(MINIMI 

!ii  ••  •>  * >[»  i 'i  ii  ii, 

5 5 5 5 5'5  5 5 5 5 


o o o o o'o  o o o mo  o o c o c o o c o;o  0 0 0 0,0  0 0 0 0 

i<  r i)  ii  ii,i  r ii  n ,i|  i 'i  . ii  > ii  itiv  ll  ( ii  u,li  1 ll  ii  'I 


'1  44  * %«.  * ' 4 *■*  • ' 

0000  0,0  0000 

" I 1 I >,  ’I  1 ’I  I II 


I I I I I'l  II  I III  I I I III  I I I l|l  I M I'l  I I II, I I I I I'll  I Mil  M I l.l  I II  I 


2 2 2 2 2 ? 2 2 2 2 
I 

3 3 3 3 J;3  3 3 3 3 

I 

I I I I |i(  I I 1 I 

1>  r ’l  ,i  ",  , ; ii  i i:'i  i t ti  i>,ii  i ii  i k| 

5 5 5 5 5'5  5 5 5 5 


2 2 2 2 2|2  2 2 2 2'.’  2 2 2 2 2 1 2 2 2|2  2 2 2 2 3 2 2 2 2,2  2 ’ 2 2|2  2 2 2 2 


3 3 3 3 3'3  3 3 3 1,3  3 M 3'3  M 3 3.3  3 3 3 3 3 3 3 3 3 3 3 J M 3 3 3 3 3 

1 


4 114  4 14(34 


111(1.1414 

I*  ,1  M I'  , 'I  11  ||] 

5555555555 


EES  E 'S  6 S r GlE  SEE  G'G  EGG  EI8  GEE  G <6  6 6 5 6 
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G 0 6 $ $i6  GEE  6lE  6 6 6 E'E  E 6 S G 


1 1 ll'lll  11 

I 

mt'uiii 


M M PI  M M 

I 

IK  I i'l  I J I I 


M 1 VI  11  11 

I 

M 8 I I'M  I IS 


miMiui 
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M M PM  M I 
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4 4 4 4 M 4 4 1 4 4 4 4 4 4 4 4 4 4 4 

11  i 1, 11  % ,u  ( I.  il  , ■ ' > 1 . r 

5 5 5 5 S;5  5 5 5 5 5 5 5 5 5,j  5 5 5 5 

■ 1 
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•*» 

7 • 0 SYSTEM  ARRANGEMENT  DATA 

This  section  of  the  input  data  is  used  to  describe  the  system  arrangement . 
Having  input  the  necessaiy  information  for  all  the  system  lines  and  components, 
one  must  now  input  the  way  in  which  these  components  and  lines  are  interconnected. 
Spec  ial  Cases 

If  a leg  is  terminated  by  a constant  pressure  source,  the  constant  pressure 
lias  to  lie  input  along  witli  the  leg  connection  information  via  <1  type  ol  reservoir.  A 
current  restriction  requires  that  only  nodes  with  a single  i eg  can  hav j a constant 
pressure  termination.  A second  restriction  is  that  there  must  e at  least  one 
variable  node.  Nodes  should  not  he  placed  in  the  center  oi  ai.v  'omponjnt  having 
a pressure  loss  since  each  leg  connected  to  the  node  will  inc'.idi  the  pressure 
drop  of  the  component. 

Other  component  restrictions  are  as  follows* 

VALVES  - TVALV22  can  require  three  or  four  nodes  depending  upon 

the  valve  usage.  The  four-wav  valve  and  three-way  version-  of  . \ dA’22  are 

described  as  follows: 


SUPPLY 


FOUR-WAY 


SUPPLY 


THREE-WAY 


FOUR  WAY 


THREE  WAY 


The  valve  schematic  should  be  established  for  steady  state  operation  including 
any  interflow  patns.  A node  is  then  required  at  every  connection  that  splits 
or  merges  flow  (including  interflow  leakage)  and  at  any  connection  that  termi- 
nates flow. 

Actuators  - Unbalanced  actuators  must  include  a node  which  is  used  to  account 
for  any  flow  gain  or  loss  in  event  the  actuator  is  in  motion  during  steady 
state  conditions. 

Reservoirs  - 

o RSVR61  requires  one  node 

o R3VR62  requires  two  nodes  open  ended  (not  connected  by  a leg) . One 
node  is  considered  to  be  on  the  low  pressure  side  with  the  other  node  considered 
on  the  high  pressure  side. 

7 • 1 GENERAL  DATA 

On  this  card  input  the  number  of  nodes  and  the  number  of  legs. 


7.0-2 


CARD  NUMBER  1 


EXAMPLE  CARD 


! 1 U 

, * ft  ■>  '0  i •!  'J  »«  '5  It  t I if  fO  ?'  11  15  14  15  14  11  It  If  30  V J!  JJ  >«  1*  51  !/  >4  J)  4<>  4.  4’  4)  44  «S  u «’  «•  «t  V)  5'  51  59  5«  5 « 51  5t  «C  b<  4?  45  ♦.« 


V >0  >1  .1  Ij  14  1$  <4  1 1 <•  If  10  1.  11  15  14  15  H 11  /e  » JO  5 51  5)  54  55  5*  5 54 


50  5'  >1  55  *<4  4'  5b  ‘ 


0 0 0 0 0,0  0 0 0 0|0  0 0 0 ||0  0 0 0 0 


>>l  I I I II 

i 1 1 1 i;i  1 1 g= 


H II  <1  II  II  II  II  II  II  II 


jl  ! ! 1 1<l  I I I 111  ■ I I I'l  I I I 1 
I 1 1 

2 2 2 2 ?|2  2 2 7 7 2 2 2 2 2j2  2 2 7 2 2 2 2 7 2j2  7 7 7 7|2  7 7 7 7;7  7 2 7 7 
5 3 3 3 3*3  33313333  3*3  3 3 3 3 


3333331333 

I 

um'niH 

■ i i < i|i 

5555  5'5  5555 

I 

6 6 6 6 t's  6 6 S 6 

I 

m i j;i  ii  n 


I - i S I H'M  8 I 8 8 I I I 8'5  3 I I I 


OOOOOJOOOOO 
ii  i;  a a II  I!  n ii  n «| 


o o o o oio  o c o c n o o o o;o  o o o c 

ii  u « n ii|h  ii  ii  ii  •■)•>  n n ii  itiii  ii  ii  ii  u| 
II  I I I'll  I II 


miwim 

H ii  i H njii  it  n ii 

5 5 5 5 5;5  5 5 5 5 

6 5 6 5 S'b  r r 6 


UUHUIH 

|ii  i’  ii  ;i  n[n  ;■  ’i  ii  m 
5 5 5 5 5'5  5 5 5 5 


SS6EE>3  6CES 


1 i i i i ; i i i i i 

I 

2 2 2 7 2 7 7 7 7 7 


0000000000 
III  II II II  lijll  II  II II  III 

I II  I I'l  I II  I 

I 

7277  ?'?  7777 


3 3 3 3 3'3  3 3 3 3 3 3 3 3 3*3  3 3 3 3 


4 4444<<4<I4 

in  )’  n » i |i>  > >1  n ii 


<44<4I4<444 

Ii'  1'  •)  II  ll’ll  H Ii  II  II 


3 5 5 5 5'5  5 5 5 5 5 5 5 5 5<5  5 5 5 5 5 5 5 5 5'5  5 5 5 5 

■ i • 

SEES  E 16  6BEESEES  e'e  GEESE6SE  b'E  E E E £ 
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iinmni 


M I 3 i'l  ) J J I 

I 

mit'mit 


; i >i  i'l  1 1 1 1 

i i 


) ! ’ 1 i'l  ) I I I 

i 


Is  m mi  e s s s m i'l  1 1 it 


j. 


Ik-** 


3 3 S 9 1,3  9 9 S 9 19  9 3 9 9 -.9  9 9 5 j|9  9 9 9 3 |S  S 9 9 9 19  9 9 9 9,3  9 9 3 9|9  S 9 5 9 1!  9 S 9 l|9  3 9 9 9|!  9 S 9 l|S  5 5 9 3,9  9 9 'J  9 13  9 9 9 3,9  9 9 9 9 
• iii,  i t ii  ii  ii  n ii  ii  ii  ii  ii  n it  ii  n n ii  n n n ii  n » h ii  ii  w ii  ii  ■ ii  ii  ii  i I'  H ii  i!  ii  ii  n ii  ii  n ii  n ii  « ii  I,  ii  ii  k i .1  w ii  H « ■ ii  ii  ii  : i i i n i 1 1, 


0 0 0 0 0,0  0 0 0 0 

II II II II  Hill  I1  II II  I 

II  I I I'l  I I I I 


7 2 2 7 2'7  2 7 7 2 


3 3 3 3 3'3  3 3 3 3,3  3 3 3 J'3  3 3 3 3 


< 4 4 4 < 4 4 4 4 < 

,ii  i;  i:  -i  1..11  i H i,  Ml 


4 4 < < 4;4  4 4 4 4 

I Ii  II  Hill  I ' ‘ II  I] 

5 5 5 5 5'5  5 5 5 5 


I »)))*)  1 ) ! 1 

I 

3 8 8 t I'J  S 8 8 3 


I 1 1 1 I'l  I I ! I 


1 


0 o o o o;o  o o o o 

},  ii  ii  ii  *ii ii  i i 'i  H 

1 i I l l;l  I l l i 
?22?7|2272? 
3 3 3 i 3;3  3 3 3 3 

1444444444 

1 'I  i ,i  i , ■ 

5545553555 


5 6 5 6 6 '5  6 S 0 6 6 6 6 6 6 '5  6 0 8 6 


! I 1 1 I'll  1 I 1 i'  1 


7.0-3 


6 fiS 


7 . 2 LEG  J N_FUT_  J)ATA 

Two  or  more  cards  are  required  Co  input  the  data  for  each  leg.  The  first 
card  contains  the  leg  number,  upstream  node  number,  downstream  node  number, 
number  of  elements  in  the  leg,  initial  flow  guess,  constant  pressure  at 
upstream  node  if  applicable  and  constant  pressure  at  downstream  node,  if 
applicable. 

The  second  card  or  cards  contains  the  leg  connection  details.  Starting 
with  the  component  or  line  at  the  upstream  node  and  progressing  along  the  flow 
path  to  the  downstream  node,  the  element  number  and  type  are  input.  Because 
of  the  mixture  of  lines  and  components,  the  need  to  differentiate  between 
the  element  numbering  system  is  as  follows: 

First  Pair  of  Data 

First  value  >0  Component  number 
=0  Element  is  a line 

Second  value  = ’’'Component  connection  number  or  line  number 
’’'Use  upstream  connection  if  the  component  has  upstream  and  downstream  connections 
in  the  same  leg. 

This  is  repeated  N Lines  for  the  N elements  in  the  leg. 


7 . 0-4 


COLUMN 

FORMAT 

l-r) 

IS 

b-  1 0 

1 S 

1 1 - 1 s 

I S 

lb- 20 

IS 

21-10 

El  0.0 

11 -AO 

LIO.O 

A 1 - SO 

E 10.0 

31-bO 

El  0.0 

DIMENSIONS 


Leg  Number 


Upstream  Node  Number 


Downstream  Node  Number 


Number  of  Elements  in  Leg 


< .7  n 4 4 ' 4 4 TO  7 77  71  7«  E 70  77  7*  ?»  40  V ’-7  74  17  77  17.  77  7*  1 


< 4>  *»  M 44  4*  44  4 4|  41  5?  M *4  ^ 54  V fct  fc* 


» ?o  / /?  n ? 4 » r i«  » iv 


*v>  ^4  7^  ^ 4 >»  ' 


' * j i i i { ' i i ii  m ii  >j  ii  *n  'i  ii  n if  m n jj  ;t  n,iv  n n n m<  ii  p it  r it  it  u n *?  u u oitt  it  <i  o u > » »t  v 

I I I I ill  I I I I i i I I g-l  I 1 i I I ! ! : I-!  Ig  I 1 ! ! ! ! !U  ! ! M I M ! tjl  I I II  II  ’ II 

'lit' 

mn'nimimiimmnMmmm'nmimmimnn 

1 i ' < j 

3 3 3 3 30  3 3 3 3 3 3 3 3 3;3  3 3 3 j 3 3 3 3 30  3 3 3 j 3 3 J 3 30  3 3 3 3 3 3 3 3 3|3  3 3 3 30  3 3 3 3 

4 4 4 4 4*4  44444444  4*4  (4444444  4>4  44444444  4>4  4444(4  It  4*4  444444444 

! I I > J I I I I « M II  ')  ||  IS  Jit  II  II  II  II  |l  II  II  II  'ijll  II  II  II  II  I I!  II  |l  lljlt  |l  It  It  II  1 71  71  17  •>’«»  71  7|  71  .1  i I ll  17  >1 

5 5 $ 5 5'5  5 5 5 S $ $ 5 5 S'S  5 5 5 5 5 5 5 5 S'S  5 5 5 5 5 5 5 5 50  5 5 j 5 5 5 5 5 50  5 5 5 5 5 5 5 5 5 

i 1 i i i 

5 G 6 S S'S  6 6 6 6 6 6 6 6 6'5  S 6 6 6 t 6 6 6 $'6  6 5 6 t 5 5 6 $ 6'E.  6 6 5 6 6 6 5 6 6iS  6 6 6 6 S 6 S 6 6 
| MCDONNELL  AUTOMATION  COMPANY  \ 

i ii  i i:i  1 1 1 £ ii  i ? i'J  in  ill  1 1 ii'i  1 1 1 3|i  i > : m 1 1 1 ill  1 1 1 n 1 1 1 1 1 1 1 1 1 


it  i ii  ii  ii  i<  ti  ii  ii  ii,ii  i ii  ii  ii  ’>  'i  ii  ii  mu  n >i  n n 

it  n i ii  1 1 '.mi  i u 1 1 1 1 i;i  i m i 

? 2 ? 1 2 m 1VU  2 2 3 2 7 2 1 VI  2 2 2 3 

i * 

3 j 3 3 3 3 3 3 3 30  3 3 3 3 3 3 3 3 JO  3 3 3 3 

: 

4 4 4 4 4 4 1 4 4 4 0 I 4 4 t 4 4 4 I I I 4 1 1 4 

■ i .1  ii  it  i.  i'  ii  ii  ii, ii  i ii  ii  t p i i,  ii  , i i •• 

5 5 5 5 5 5 5 5 5 SJS  5 5 5 5 5 5 5 5 S(5  5 5 5 5 

6 G E 6 5 S $ 5 5 6'S  G 6 S 6 6 5 G 6 S'G  6 6 6 S 

' I 1 

I I 1 I I I I I 1 I'l  I I I 1 1 I I I Ml  I I I I 


8 8 8 8 80  8 I I 13  8 I 1 10  I 1 1 I I I I i 10  I I 1°!  I I 8 80  8 I 8 I 8 I I I 10  8 8 8 8 8 8 8 C 10  I 8 8 8 8 8 8 8 80  9 8 3 8 8 8 8 8 80  8 8 8 3 

t | I ' I ' 1 t 

9 9 3 9 9|s  n 3 3 3 3 3 3 S3  t t lit  III  3 9 3 3 9 9 J 9 3 3 9 9 3 9 3 9 9 s!9  9 5 9 3 9 9 9 9 tit  J 9 9 9 3 J 5 9 9 ',9  9 5 'J  9 9 9 9 9 L9  9 3 9 9 

' . \ , i f ii  i nil  ii  i)  ii  ii  »t  ii  n n u n it  n it  it  n » .•  n u » u » it  •<  u » « n *i  »)  « **.  « » n «i  « s>  v >i  >t  uuvmmu  »•  .1  »i  u t»  t;  p h ii  i • ■ j <•  *s  ••  i (» 


CARD  NUMBER  2 


EXAMPLE  CARD 


8.0  OUTPUT  REQUIREMENTS  DATA 

The  program  will  output  in  a print  plot  form,  any  calculated  system 
variable  versus  time.  The  time  interval  between  plotted  points  is  input  on 
the  first  general  control  card. 

When  using  the  print  plot  routine,  it  should  be  noted  that  101  points 
are  the  maximum  that  can  be  plotted  on  one  page.  When  more  than  101  points 
are  requested,  the  plot  is  continued  on  an  additional  page(s) . 

The  line  variables  which  can  be  selected  are  the  pressures,  flows, 
wall  temperature,  and  fluid  temperature  up  and  downstream  of  each  line. 

The  component  variables  which  can  be  selected  are  listed  in  paragraph  8.2. 


8.0-1 


U 


I 


0£* 


Number  of  line  plot  data  cards 


Number  of  component  variables  to  be  plotted 


0 


0 - Normal  graphs  +1  - Prints  listing  of  plotted  values 


0 - No  Graphs 


+1  - Normal  Graphs 


0 - Normal  Graphs 


+1  - Prints  Magnitudes  (*) 


U 1 


(,  ’ « 'Uf>  / M H H tr  V \i  J?  » H w X ‘ 1* 


» W / / M /*  » «*». 


o o o o o;o  o o o o o o o o ‘ «o  o o o c o o o o co  o o o o e o o o 0|0  o o do  o o s 2 o;o  fl  0 3 f 0 0 C 0 3 1 

} i > • » i i ii  f • i i j|i  niur  ”m  ( *j[m  v ;i  n u p )}  j*  w i>|u  j ji  i *i  •'  i : <j  « 4>»«  u »i  • ' ‘ t 

II  I I 1 1 1 I I I I I t I I I •)  1 I I I II  I I’ll  I II  i I I ll;l  II  II  I I I I l)l  I I I l|,  I I I l;l 


0 0 0,0  OoOuOOUU  0!0  0 0 0 0;0  0 0 0 0 


2 2 2 2 !’!  7 7 7 7 2 2 2 2 !<!  2 2 2 2 7 7 7 7 ?’?  2 7 1 2 7 7 2 2 2’7  7 2 2 7 7 7 2 7 2*2  7 7 7 2>7  2 7 2 7 


3 J 3 3 3’3  3 3 3 3 J J 3 3 30  3 3 3 3 3 3 J J 3’3  3 3 3 3 J J 3 3 3'3  3 J J J J 3 33  3'3  3 J 3 3 3 3 3 3 3 3 1 3 3 3)3  3 3 3 3 3 3 3 3 3d  3 3 ! 3 3 2 3 3 3 


: 1 1 n\i  ii  ii  n ii  ii  ; i ; i'i  1 1 1 1 


4 < 4 4 | 4 1 4 4 4 4 4 4 '4  4 4 4 I 4 4 4 I 4 >4  4 4 4 4 4 4 4 4 4 >4  I I 4 I 4 4 4 4 H4  I 4 I 4 4 4 4 1 4;4  4 4 I 4 4 4 I 4 4;l  1 4 4 i 4 4 I 4 i J I 4 4 4 

j i *>  J i i i n ii  ? u >i  i ii  ii  2» : rr  ’j  n v*  *<  71 71  n 1 jj  u njii  ■ .1  4tli  4*  4;  44  4*j4»  mi  ih  , > , h „ 1 >•  v * » »«  f\u » *1  r 1 > 1 ! ‘ 1 * 

$ 5 b 5 b’5  b 5 5 5 5 b 5 5 b’5  b b 5 5 5 b 5 b 5’S  b b b $ b b b S S’b  S 5 b b $ J 5 b 5ib  b 5 5 b b 5 b b b b b b 5 5 S 5 5 b S 5 5 5 , b'b  5 b 5 b b b b b 5 

I » I I I * I * . V 

I I » I * ' • ( ' 

6 S 6 6 6 'S  6 6 6 £ 6 6 S 6 6 '6  6 6 S £ 6 6 6 6 6 >6  6 6 6 6 6 6 6 6 6 16  6 6 6 6 6 C 5 6 3 16  6 6 6 6 6 6 B 6 6 b 6 S 6 6 S H 6 6 6 5 6 S 6 6 '6  6 6 6 6 S 6 G 6 6 
' MCDONNFLL  AUTOMATION  COMPANY  I J | j , 

11 1 n;i  1 1 1 > 1 11 1 i*i  1 J7 1 ) 1 1 11;/  n 11 1 ; u ;•/ 1 1 1 11 j 11  pi  11 11 11 11  »•;  n 1 7 1 1 ; 1 i n 7 1 11 ; 11  fi  ? ) 11  j; 

1 1 t 1 * l * * * 

3 8 3 8'  '8  I 8 8 8 8 8 3 ! 3'8  8 8 8 8 8 J 8 8 8i8  8 8 8 8 I 8 8 8 8'8  8 8 8 8 a 8 8 8 8’8  8 3 8 3 J 8 8 8 8'8  8 8 8 8 8 8 8 8 8'8  8 8 9 8 8 8 8 8 8 8 a 8 8 S ; 

' > ; ' 1 ; 1 i ; 7;! 

9 9 9 9 9)9  9 S 8 3 9 9 S 9 j3  99SJ1999  3 19  99399999  9 Is  9999399S  9 *9  99999999  9i9  39)1SSSS  9|9  9 D S 9 |j  9 9 9 3i3  9 9 5 S 1 
■.ii  i i ii  m u ■■  n i>  ,i  ii  ii  ii  ii  n 'i  ii  ii  ii  ii  ,i  n n ii  n ii  ii  ii  ii  ii  ■■  ii  ii  ii  ii  ii  n ii  i*  ii  " ii  ii  ii  i i >1  h i,  m i'  ii  it  k i .i  ii  ii  i ii  i-  ii  .i  i > « i • • • 


8.0-2 


■Ml  I Ii  1 I * II 


I I M I, II  ' M 11  I Mil  M I I'i  | M I 


2 2 2 2 2,2  2 2 ’ ?'?  2 2 2 7|?  7 2 1 2 2 2 2 2 2 


4 4 4 I 4 4 4 4 4 4M  4 4 4 4 4 4 I 4 4 4 4 4 4 4 

i >• . j,  • ' .1  n, ii  > ii  <■  i 'ii  ■ i i ; 


8.1  OUTPUT  OF  LINE  VARIABLES 


Line  variables,  pressure,  flow,  component  temperature,  fluid  temperacure, 
and  wall  temperature  at  the  upstream  and  downstream  of  each  line  are  the 
possible  plots.  A + stands  for  upstream  and  a - stands  for  the  downstream 
location.  / ny  or  all  may  be  plotted  for  each  line  on  the  line  Plot  Card, 
and  they  may  appear  in  any  order. 

1 - pressure 

2 - flow 

3 - component  temperature 

A - fluid  temperature 

5 - wall  tempera  ure 

The  number  of  plots  (total,  up  tc  10)  must  be  included  in  columns  6-10. 
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LINE  PLOT  CARD 


COLUMN 

FORMAT 

DATA 

1 - 5 

I 5 

Line  Number  to  be  Plotted 

6-10 

15 

Number  of  Plots  for  that  Line 

11-15 

15 

+1  - Provides  uostrenm  nrpssure 

16-20 

15 

-1  - Provides  downs_tream  pressure 

21-25 

15 

+2  - Provides  upstream  flow 

26-30 

15 

-2  - Provides  downstream  flow 

31-35 

15 

+3  - Provides  upstream  component  temperature 

36-40 

15 

-3  - Provides  downstream  component  temperature 

41-45 

15 

+4  - Provides  upstream  fluid  temperature 

46-50 

15 

-4  - Provides  downstream  fluid  temperature 

51-55 

L5 

+5  - Provides  upstream  wall  temperature 

56-60 

15 

-5  - Provides  downstream  wall  temperate 

61-65 

15 

66-70 

15 

71-75 

15 

76-80 

15 
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8.2  OUTPUT  OF  COMPONENT  VARIABLES 


The  component  variables  to  be  output  are  selected  from  Tables 

8.2-21  - 8.2-102. 

The  total  number  of  component  variables  to  be  plotted  must  be  input 
on  the  Plot  data  Card  in  columns  6-10  and  should  equal  the  number  of 
pairs  of  data  on  the  following  cards. 
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COMPONENT  PLOT  CARD 


COLUMN 

FORMAT 

1-5 

I 5 

6-10 

15 

11-15 

__t5  . 

16-20 

15 

21-25 

15 

26-30 

15 

31-35 

15 

36-40 

15 

41-45 

15 

46-50 

15 

51-55 

15 

56-60 

15 

61-65 

15 

66-70 

15 

71-75 

15 

76-80 

15 

Component  Number  Assigned 


Variable  Number  to  be  Plotted 


(This  is  repeated  using  additional  cards,  if  necessary, 


_until  all  component  variables  to  be  plotted  have  been 


listed. ) 


EXAMPLE  CARD 
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TABLE  8.2-21 
TVALV21 

PROGRAMMED  VARIABLE  SELECTION 


i 


Number 

Name 

Description 

Dimension 

3 

TVP 

Temperature  of  the  Valve 

°F 

Piston 
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TABLE  8.2-31 


TCVAL31 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

Dimension 

9 

TP 

Temperature  of  the 

°F 

Poppet 
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TABLE  8.2-62 


TRSVR62 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

Dimension 

7 

TP 

Temperature  of  the  Reservoir 
Piston 

°F 

8 

ASFR 

Surface  Area  Fluid  to 
Reservoir  Walls 

in.2 

9 

VOLUME 

Volume  of  the  fluid  in 
the  Reservoir 

in.3 
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TABLE  8.2-71 


TACUM71 

PROGRAMMED  VARIABLE  SELECTION 


Number 

Name 

Description 

Dimension 

1 

TAN 

Temperature  of  the  Walls 
Gas  Side 

°F 

3 

TPN 

Temperature  of  the  Piston 

°F 

4 

TG 

Temperature  of  die  Gas 

° F 

5 

VOLO 

Volume  of  the  Oil 

IN.3 

6 

VOLG 

Volume  of  the  Gas 

IN.3 

7 

VP 

Velocity  of  the  Piston 

IN. /SEC 

9 

PO 

Pressure  of  the  Oil 

PSI 

10 

PG 

Pressure  of  the  Gas 

PSI 

t 


TABLE  8.2-69 


THEX69 

PROGRAMMED  VARIABLE  SELECTION 

Number 

Name 

Description 

Dimension 

3 

TEC 

Temperature  of  the  Exchanger 
Cooling  Liquid 

°F 

4 

TEP 

Temperature  of  the  Exchanger 
Pipe 

»p 
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TABLE  8.2-102 


Number 

Name 

TACT102 

PROGRAMMED  VARIABLE  SELECTION 
Description 

Dimension 

3 

TPN 

Temperature  of  the  Piston 

°F 

A 

TFM 

Temperature  of  the  Fluid  in 

Volume  1 

°F 

5 

TFA2 

Temperature  of  the  Fluid  in 

Volume  2 

°F 

6 

PI 

Pressure  in  Volume  1 

PSI 

7 

P2 

Pressure  in  Volume  2 

PSI 

8 

X 

Distance  the  Piston 

IN. 

9 

VEL 

From  Zero  Stroke 
Velocity  of  the  Piston 

IN. /SEC. 

16 

VOLUME 1 

Volume  1 

IN.3 

17 

VOLUME2 

Volume  2 

IN.3 

TABLE  8.2-51 


PROGRAMME 


NUMBER 

NAME 

1 

TFP1 

5 

TPN 

10 

P INLET 

13 

PCASE 

14 

POUTLT 

TRUMP 51 

VARIABLE  SELECTION 


DESCRIPTION  DIMENSION 

Inlet  Volume  Fluid  Temperature  °F 

Rotating  Group  Temperature  °F 

Inlet  I ressure  PS1 

Case  Pressure  PST 

Outlet  Pressure  PST 


A* 
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9.0  COMPUTER  OUTPUT 


The  time  history  print  plots  of  flow,  pressure,  temperatures,  and  component 
state  variables  form  the  basic  output  of  the  program.  By  the  addition  of  simple 
write  statements,  the  output  can  also  be  written  to  files  for  storage  and  subse- 
quent processing  or  to  the  output  for  printing.  Since  there  are  so  many  ways  of 
handling  the  output  information,  each  dependent  on  the  user's  local  facilities, 
it  is  pointless  to  discuss  the  details  of  how  to  transfer  files,  elc. 

ihe  user  should  also  beware  of  inputting  unrealistic  rates  of  valve  opening 
and  closure,  since  these  can  exaggerate  the  steady  state  solution. 

The  user  will  soon  become  aware  of  what  problems  to  look  for,  and  the 
experience  gained  in  using  I1YTTUA  will  help  in  both  the  detailed  analysis  and 
the  intuitive  approach  to  solving  problems. 
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